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I& )"$T)*& ,*%()1*& +,& <+>(%?*W'*"'+1& (%1?*($"?& (+^$"'& $'& (2%(& (2*A& .%"& $"(*1%.(& V$(2&
#$,,*1*"(& ,%C$>$*'& +,& <+>(%?*W%.($<%(*#& $+"& .2%""*>'P& -).2& J1+C$'.)+)'& D*2%<$+1& 2%'& D**"&
+D'*1<*#&,+1&(+^$"'&').2&%'&2%"%(+^$"&`'**&g$?'P&8&%"#&Ha5&kW?1%CC+(+^$"&-!I5&31+N^W!5&31+N^W!!5&
=;-W!5& %"#& -cN^8%#)" %')" &%)" &&)" &')" &*P& N2*&V$#*'J1*%#& (%1?*($"?& +,& J%##>*&C+($,'& DA& %"$C%>& (+^$"'&
2$?2>$?2('&(2*&J2%1C%.+>+?$.%>&$CJ+1(%".*&+,&(2$'&J%1(&+,&(2*&<+>(%?*&'*"'+1P&&
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MH!L$1(0/'F/0('+!.$+)-%!450**'1!($2)*.&
!"&.+"(1%'(& (+&b(&.2%""*>'5& (2*&.2%""*>W,+1C$"?&.+CJ+"*"(&+,& (2*&<+>(%?*W?%(*#&'+#$)C&`S%(a&
.2%""*>&.+CJ>*^&.+"'$'('&+,&,+)1&#+C%$"'&`;!W!_a5&*%.2&V$(2&'$^&(1%"'C*CD1%"*&'*?C*"('&`-8W
-Fa5&.+""*.(*#&DA&$"(1%.*>>)>%1&>$"M*1'&+P&N2*'*&'$C$>%15&D)(&"+"W$#*"($.%>&#+C%$"'&*%.2&.+"'$'(&+,&
%& <+>(%?*W'*"'$"?& 1*?$+"& `-8W-7a5&V2$>*& (2*& -GW-F& 2*>$.*'& ,1+C&*%.2& #+C%$"& .+C*& (+?*(2*1& (+&
,+1C&%& '+#$)C& $+"W'*>*.($<*&J+1*& $"& (2*&C*CD1%"*P&N2*&J+1*&.%"&+J*"&V2*"&%>>& ,+)1&<+>(%?*&
'*"'+1'&C+<*&$"&1*'J+"'*&(+&.2%"?*'&$"&C*CD1%"*&<+>(%?*P&!"&?*"*1%>5&%>>&,+)1&'*"'+1'&%.($<%(*&
,+>>+V$"?&C*CD1%"*& #*J+>%1$e%($+"4& 2+V*<*15& (2+'*& $"& #+C%$"'& !W!!!& %1*&C+'(& $CJ+1(%"(& ,+1&
.2%""*>&+J*"$"?5&V2*1*%'&(2*&+"*&$"&#+C%$"&!_&J>%A'&%&#$'($".($<*&1+>*&$"&,%'(&$"%.($<%($+"&%)"&,)"'-)"
'!)" '#)" '$)" '%P& 0*.*"(>A5& (2*& ,$1'(& .1A'(%>& '(1).()1*'& +,& D%.(*1$%>& S%(& .2%""*>'&V*1*& '+><*#'&)" '')" '*)" '+P&
I>(2+)?2& '*C$"%>& +D'*1<%($+"'& V*1*& 1*J+1(*#5& J1+M%1A+($.& S%(& .2%""*>'& %1*& 2+C+(*(1%C*1'&
V2*1*%'& (2*$1& C%CC%>$%"& .+)"(*1J%1('& %1*& C)>($W#+C%$"& C+"+C*1'P& 6+1*+<*15& M*A&
.2%1%.(*1$'($.'&+,&C%CC%>$%"&S%(&.2%""*>'&').2&%'&(2*&%C$"+&%.$#&.+CJ+'$($+"&+,&(2*&'*>*.($<$(A&
,$>(*15& ,%'(& $"%.($<%($+"& ?%(*5& %"#& J1*'*".*& +,& %)^$>$%1A& ')D)"$('& #$,,*1& ')D'(%"($%>>A& ,1+C&
J1+M%1A+($.&<%1$%"(''&)"'')"'*)"'+P&&
I&,*V&A*%1'&%,(*1&L+#?M$"&%"#&L)^>*A&#$'.+<*1*#&(2*&,)"#%C*"(%>&1+>*&+,&S%(&.2%""*>'&
$"&*>*.(1$.%>&'$?"%>$"?',)"*-5&+"*&+,&(2*&2$'(+1$.%>>A&C+'(&$CJ+1(%"(&$+"&.2%""*>&(+^$"'&V%'&$'+>%(*#&
,1+C& (2*& K%J%"*'*& J),,*1W,$'2*!P& N2$'& "%()1%>>AW+..)11$"?& C%1$"*& (+^$"5& (*(1+#+(+^$"& `NNfa5&
$"(*1%.('& '(1+"?>A& V$(2& (2*& S%(& .2%""*>& J+1*& 1*?$+"& (+& +..>)#*& (2*& '+#$)C& $+"& J*1C*%($+"&
J%(2V%A& `g$?P& H%a*#)" *$P& NNf& 2%'& D**"& V$#*>A& )'*#& (+& '()#A& (2*& '(1).()1%>& %"#& ,)".($+"%>&
J1+J*1($*'& +,& S%(& .2%""*>'P& g+1& *^%CJ>*5& %,(*1& (2*& NNf& '(1).()1*&V%'& '+><*#& $"& 8]F7*%5& L$>>*&
*^J>+$(*#& (2$'& $",+1C%($+"& (+&J1*#$.(& (2*&#$%C*(*1&+,& (2*&S%(& .2%""*>&J+1*5& (2*1*DA&J1+<$#$"?&
)"$T)*& $"'$?2('& $"(+& (2*& C+>*.)>%1& '(1).()1*& +,& (2$'& $+"& .2%""*>& ,%C$>A!&P& Q%(*15& (2*& >+VW
"%"+C+>%1& %,,$"$(A& +,& l$LmWNNf& .+"(1$D)(*#& (+& (2*& $'+>%($+"& +,& (2*&S%(& .2%""*>& J+1*W,+1C$"?&
')D)"$(& ,1+C& (2*& *>*.(1$.& **>!"#$ !%P& Q$M*V$'*5& l$LmW'%^$(+^$"& `-Nfa& $'+>%(*#& ,1+C& C%1$"*&
#$"+,>%?*>>%(*'& J>%A*#& %& <$(%>& 1+>*& $"& (2*& J)1$,$.%($+"& +,& %& 1%(& D1%$"& %"#& 'M*>*(%>& C)'.>*& S%(&
.2%""*>& $'+,+1C5& (2*1*DA& %>'+& #*C+"'(1%($"?& (2*& *^$'(*".*& +,& %)^$>$%1A& nW')D)"$('**)" *+)" *,P&
6+1*+<*15&1*.*"(>A&'A"(2*'$e*#&-Nf&<%1$%"('&'2+V&J1+C$'*&%'&%&(++>&(+&*>).$#%(*&(2*&1+>*&+,&S%(&
.2%""*>'&$"&'$?"%>&.+"#).($+"&%"#&(2*$1&#A'1*?)>%($+"&$"&'J*.$,$.&#$'*%'*&'(%(*'+-)"+!P&S+V%#%A'5&
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 ("
NNfW'*"'$($<$(A&$'&)'*#&(+&.>%''$,A&(2*&"$"*&C%CC%>$%"&S%(&.2%""*>&$'+,+1C'&$"(+&(V+&?1+)J'X&
NNfW'*"'$($<*&.2%""*>'&`S%(8P8WS%(8P75&S%(8PFWS%(8PRa&%1*&D>+.M*#&DA&"%"+C+>%1&.+".*"(1%($+"'&
+,& NNf& V2*1*%'& S%(8P:& %"#& S%(8P]& %1*& $"2$D$(*#& DA& C$>>$C+>%1& .+".*"(1%($+"'!P& I>(2+)?2&
$"2$D$($+"& +,& S%(8PG& 1*T)$1*'& C$.1+C+>%1& .+".*"(1%($+"'& +,& NNf5& (2*& 1*'J+"'*& .%"& D*&
')D'(%"($%>>A&$".1*%'*#&DA&')D'($()($"?&%&.A'(*$"*&$"&(2*&-GW-F&>++J&+,&#+C%$"&!&V$(2&(1AJ(+J2%"&
+1& J2*"A>%>%"$"*+#)" +$)" +%P& N2*'*& %1+C%($.& 1*'$#)*'& ')JJ+1(& 2$?2& %,,$"$(A& D>+.M%#*& (21+)?2& (2*&
,+1C%($+"&+,&%&.%($+"Wπ&$"(*1%.($+"&V$(2&NNf+$)"+&P&N2*&.%($+"$.&?1+)J'&%>'+&$"(*1%.(&V$(2&%"$+"$.&
%C$"+& %.$#'& V$(2$"& (2*& J+1*& +,& (2*& .2%""*>& (+& J1*<*"(& S%.& ,>)^P& /^J*1$C*"('& #*'$?"*#& (+&
J$"J+$"(&1*'$#)*'&(2%(&1*#).*#&(2*&')'.*J($D$>$(A&+,&S%(&.2%""*>'&(+&NNf&>*#&(+&(2*&#$'.+<*1A&+,&
(2*&;/bI&C+($,&V2$.2&.+"'$'('&+,&,+)1&1*'$#)*'&(2%(&C%M*&)J&(2*&S%(&.2%""*>&'*>*.($<$(A&,$>(*1X&
%'J%1(%(*&`;!&-GW-F&>++Ja5&?>)(%C%(*&`;!!&-GW-F&>++Ja5&>A'$"*&`;!!!&-GW-F&>++Ja5&%"#&%>%"$"*&`;!_&
-GW-F&>++Ja+')"+*P&&
-$C$>%1& (+& b(& .2%""*>'5& %"$C%>& <*"+C'& %>'+& .+"(%$"& (+^$"'& (2%(& (%1?*(& S%(& .2%""*>&
<+>(%?*& '*"'+1'& (+& #$'1)J(& .2%""*>& ,)".($+"P&o*>>W'()#$*#& *^%CJ>*'& $".>)#*& C*CD*1'& +,& (2*&
>+"?W.2%$"&'.+1J$+"&(+^$"&,%C$>A&V2$.25&$"&?*"*1%>5&$"(*1%.(&V$(2&(2*&*^(1%.*>>)>%1&>++J'&D*(V**"&
-[&%"#&-7&(+&'(%D$>$e*&(2*&S%(&.2%""*>&<+>(%?*&'*"'+1'&&$"&(2*&%.($<%(*#&+1&1*'($"?&'(%(*!*)"!+)"!,)"++)"+,P&
=%'*#& +"& (2*$1& ,)".($+"%>& *,,*.('5& (V+& .>%''*'& +,& S%(& .2%""*>& '.+1J$+"& (+^$"'& 2%<*& D**"&
#*,$"*#,-P&g$1'(5&*%1>A&%"($D+#A&%"#&J2+(+W%,,$"$(A&>%D*>$"?&'()#$*'&$"#$.%(*#&(2%(&(2*&pW'.+1J$+"&
(+^$"&QTNf&$"(*1%.('&V$(2&(2*&-GW-F&>++J'&+,&#+C%$"'&!&%"#&!_&$"&1%(&"*)1+"%>&S%(&.2%""*>',!)",#P&
Q%(*15& C)(%?*"*'$'& *^J*1$C*"('& 1*<*%>*#& %& J1$C%1A& $"(*1%.($+"& V$(2& (2*& -[W-7& J%##>*& C+($,&
V$(2$"& #+C%$"& !_5& %'& V*>>& %'& %& '*.+"#%1A& D$"#$"?& '$(*& V$(2$"& (2*& #+C%$"& !& -GW-F& >++J& %"#&
#+C%$"& !_& -8W-H& >++J,$)" ,%P& =*.%)'*& +,& (2*$1& D$"#$"?& >+.)'5& pW'.+1J$+"& (+^$"'& %'& V*>>& %'& (2*&
,)".($+"%>>A&'$C$>%1&'*%&%"*C+"*&(+^$"'&2%<*&D**"&)'*#&*^(*"'$<*>A&(+&*>).$#%(*&(2*&1+>*&+,&(2*&
#+C%$"&!_&<+>(%?*&'*"'+1&$"&S%(&.2%""*>&?%($"?&`g$?P&HDaP&g+1&*^%CJ>*5&%&1*.*"(&'()#A&)'$"?&N'[&
,1+C&(2*&=1%e$>$%"&A*>>+V&'.+1J$+"&4!+5%'('#&&%1,+%'&+"&"%($<*&S%(&.2%""*>'&V$(2$"&cL[&.*>>'&$"&
.+".*1(& V$(2& ,>)+1*'.*"(>A& >%D*>*#& <+>(%?*W'*"'$"?& #+C%$"'5& #*C+"'(1%(*#& (2%(& (2*& (+^$"q'&
$"2$D$(+1A&*,,*.(&+"&C+<*C*"(&+,&(2*&#+C%$"&!_&<+>(%?*W'*"'$"?&#+C%$"&1*')>('&$"&$"2$D$($+"&+,&
,%'(&$"%.($<%($+"&%"#&,%.$>$(%($+"&+,&1*.+<*1A&,1+C&,%'(&$"%.($<%($+",&P&&
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I&'*.+"#&.>%''&+,&S%(&.2%""*>&?%($"?WC+#$,$*1&(+^$"'&,+)"#&$"&'.+1J$+"&<*"+C&%1*&(2*&
>+"?W.2%$"& nW'.+1J$+"& (+^$"'& V2$.2& $"#).*& ')DW(21*'2+>#& .2%""*>& +J*"$"?& DA& '2$,($"?& (2*&
(21*'2+>#&,+1&.2%""*>&%.($<%($+"&(+&C+1*&"*?%($<*&C*CD1%"*&J+(*"($%>'&`g$?P&HDa&%)",')",*P&;$'($".(&
,1+C&pW'.+1J$+"&%"#&'*%&%"*C+"*& (+^$"'5&nW'.+1J$+"& (+^$"'&J1$C%1$>A& (%1?*(& (2*&J%##>*&C+($,&
V$(2$"& (2*& #+C%$"& !!& <+>(%?*& '*"'+1& %"#& '(%D$>$e*& $(& $"& %"& %.($<%(*#& '(%(*,+)" ,,P& I'& %& 1*')>(5&
')D'*T)*"(&#*J+>%1$e%($+"'&1*T)$1*&(2*&(1%"'$($+"&+,&,*V*1&<+>(%?*W'*"'$"?&#+C%$"'5&1*')>($"?&$"&
(2*&2AJ*1J+>%1$e*#&<+>(%?*W#*J*"#*"(&%.($<%($+"&+D'*1<*#&$"&(+^$"WD+)"#&.2%""*>'P&&
!"& .+"(1%'(& V$(2& '.+1J$+"& %"#& '*%& %"*C+"*& (+^$"'5& *^J>+1%($+"& +,& (2*& C*.2%"$'C&
(21+)?2&V2$.2&'J$#*1&(+^$"'&D*>+"?$"?&(+&(2*&$"2$D$(+1&.A'(*$"*&M"+(&`!Bba&,%C$>A&$"(*1%.(&V$(2&
C%CC%>$%"&S%(&.2%""*>'&$'&%&C+1*&1*.*"(&J2*"+C*"+"P&;*J*"#$"?&+"&V2$.2&<+>(%?*&'*"'+1'&
%1*& (%1?*(*#& %"#&2+V& (2*A& .+)J>*& (+& (2*&S%(& .2%""*>& ?%($"?& J1+.*''5& 'J$#*1& (+^$"'& .%"&2%<*&
(21**& #$<*1'*& *,,*.('& +"& $+"& .2%""*>& ,)".($+"!--P&6+'(& .+CC+">A5& (2*'*& (+^$"'& $"2$D$(& .2%""*>&
+J*"$"?&$"&1*'J+"'*&(+&C*CD1%"*&#*J+>%1$e%($+"&`#"-"&2%"%(+^$"&`g$?P&HDa5&31+N^W!5&31+N^W!!a%#)"&&P&
I&'*.+"#&J+''$D$>$(A&,+1&(2*'*&(+^$"'& $'& (+&J1*<*"(& ,%'(& $"%.($<%($+"&DA&$CJ%$1$"?&C+<*C*"(&+,&
(2*&#+C%$"&!_&<+>(%?*&'*"'+1&`#"-"&-cN^85&KrNfW!a&%)"!-!P&g$"%>>A5&%"#&'$C$>%1&(+&nW'.+1J$+"&(+^$"'5&
'J$#*1& !Bb& (+^$"'& .%"& ,%.$>$(%(*& .2%""*>& +J*"$"?& DA& '2$,($"?& (2*& %.($<%($+"& <+>(%?*& (+& C+1*&
2AJ*1J+>%1$e*#&C*CD1%"*&J+(*"($%>'&`#"-"&6%?$Ga!-#P&&
0*.*"(>A5& (2*& $#*"($,$.%($+"& +,& %"& -[Dj-7& J%##>*& C+($,& V$(2$"& *%.2& +,& (2*& ,+)1& S%(&
.2%""*>& <+>(%?*& '*"'+1'& '$?"$,$.%"(>A& %#<%".*#& +)1& $"'$?2('& $"(+& (2*& C)>($,%.*(*#& V+1M$"?&
C*.2%"$'C&+,&'J$#*1& (+^$"'&%P& !"& (2$'&'()#A5& $(&V%'&#*C+"'(1%(*#& (2%(&*%.2&+,& (2*& ,+)1&J%##>*&
C+($,'& .%"& $"(*1%.(&V$(2& (+^$"'& ,1+C&'J$#*1'5& '.+1J$+"'5& %"#& '*%& %"*C+"*'5& %"#& (2%(&C)>($J>*&
J%##>*& C+($,'& .%"& D*& (%1?*(*#& DA& %& '$"?>*& (+^$"P& N2*'*& "+<*>& $"'$?2('& %>'+& >*#& (+& (2*&
$#*"($,$.%($+"&+,& (2*& ,$1'(& (%1%"()>%& (+^$"& `31+N^W!a&%.($<*&+"&S%(8P]5& %"&*"$?C%($.&S%(& .2%""*>&
$'+,+1C& J1*#+C$"%"(>A& *^J1*''*#& $"& "+.$.*J($<*& #+1'%>& 1++(& ?%"?>$+"& "*)1+"'!-$P& N2*&
(%^+"+C$.%>>A&1*>%(*#&(%1%"()>%&(+^$"&31+N^W!!&(%1?*('&S%(8PR5&%&S%(&.2%""*>&$'+,+1C&$CJ>$.%(*#&
$"&<%1$+)'&#*D$>$(%($"?&J%$"&'A"#1+C*'5&V$(2&%"&%,,$"$(A&(2%(&$'&s899W,+>#&2$?2*1&(2%"&+(2*1&S%(&
.2%""*>& $'+,+1C'!-%P&I'& $'& (2*& .%'*&V$(2&LoNfW!_& ,1+C& (2*& B2$"*'*& D$1#& 'J$#*1&6#1#*070'/!,(
8%9#*,5&31+N^W!!&J1*,*1*"($%>>A&(%1?*('&(2*&#+C%$"&!!&<+>(%?*&'*"'+1&$"&S%(8PR!-&)"!-')"!-*P&L+V*<*15&
31+N^W!!&%>'+&D$"#'&(+&(2*&#+C%$"&!_&J%##>*&C+($,&$"&(2$'&.2%""*>&')D(AJ*5&(2*1*DA&1*')>($"?&$"&%&
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'>+V$"?&+,&,%'(&$"%.($<%($+"P&E<*1%>>5&(+^$"'&$'+>%(*#&,1+C&'J$#*1&<*"+C&2%<*&%>1*%#A&J1+<*"&(+&
D*& <%>)%D>*& (++>'& ,+1& J1+D$"?& (2*& '(1).()1*& %"#& ,)".($+"%>& C*.2%"$'C'& +,& S%(& .2%""*>'P&
6+1*+<*15& ,)()1*& +JJ+1()"$($*'& C%A& %1$'*& ,+1& (2*& )'*& +,& (2*'*& 'C%>>& %"#& '(%D>*& J*J($#*'& %'&
(2*1%J*)($.&#1)?'P&&
&
NH!L$1(0/'F/0('+!4014)-%!450**'1!($2)*.!
N2*&.2%""*>W,+1C$"?&')D)"$(& `p8a&+,&<+>(%?*W%.($<%(*#&.%>.$)C&.2%""*>'&`B%(a&'2%1*'&%&'$C$>%1&
%1.2$(*.()1*&V$(2&(2*&.+11*'J+"#$"?&J%1(&$"&S%(&.2%""*>'X&,+)1&2+C+>+?+)'&#+C%$"'&`;!W;!_a5&
*%.2& .+"(%$"$"?& %& <+>(%?*W'*"'+1& `-8W-7& '*?C*"('a& %"#& (V+& (1%"'C*CD1%"*& '*?C*"('& `-GW-Fa&
(2%(& .+"(1$D)(*& (+& (2*&J+1*& '(1).()1*!-+)" !-,P&Q$M*&S%(& .2%""*>'5&p8&.%"& ,)".($+"&%'&%& '(%"#%>+"*&
')D)"$(&(2%(&#*(*1C$"*'&C%"A&+,&(2*&D$+J2A'$.%>&%"#&J2%1C%.+>+?$.%>&J1+J*1($*'&+,&(2*&.2%""*>P&
L+V*<*15&B%(&.2%""*>'&%1*&"+1C%>>A&,+1C*#&DA&%''+.$%($+"&+,&p8&V$(2&(21**&%)^$>$%1A&')D)"$('&
`n5& pHt5& %"#& ua& (2%(& 1*?)>%(*& .2%""*>& ,)".($+"& %"#& *^J1*''$+"!-+)" !!-P& & !"& .+"(1%'(& (+& (2*& +(2*1&
<+>(%?*W?%(*#& $+"& .2%""*>'5& B%(& .2%""*>'& 2%<*& (2*& #$'($".($<*& J1+J*1(A& +,& %>>+V$"?& <+>(%?*W
.+"(1+>>*#& C*CD1%"*& J%''%?*& +,& .%>.$)C& $+"'5& %& M*A& $"(1%.*>>)>%1& '$?"%>$"?& ,%.(+1P& I'& (2*&
J*1C*%"(& $+"&2%'& %&J+'$($<*& 1*<*1'%>&J+(*"($%>5& (2*&+J*"$"?&+,&B%(& .2%""*>'& 1*')>('& $"& ,)1(2*1&
C*CD1%"*& #*J+>%1$e%($+"5& V2$.2& %>>+V'& (2*C& (+& ,)".($+"& %'& %"& %.($+"& J+(*"($%>& ?*"*1%($"?&
C*.2%"$'C5& %"#& (+& .+"(1+>& (2*& ,$1$"?& %.($<$(A& +,& *^.$(%D>*& .*>>'!-+P& N2)'5& B%(& .2%""*>'& %1*&
$"<+><*#& $"& J2A'$+>+?$.%>& J1+.*''*'& V2*1*& (2*A& .+)J>*& .%>.$)C& '$?"%>$"?& V$(2& C*CD1%"*&
*^.$(%D$>$(A5&').2&%'&2+1C+"*&%"#&"*)1+(1%"'C$((*1&1*>*%'*5&%"#&$"$($%($+"&+,&*>*.(1$.%>&%.($<$(AW
#*J*"#*"(& (1%"'.1$J($+"%>& *<*"('!!!P& L$'(+1$.%>>A5& B%(& .2%""*>'& V*1*& .>%''$,$*#& D%'*#& +"& 2+V&
.%>.$)C& .)11*"('& %.($<%(*#& $"& 1*'J+"'*& (+&C*CD1%"*&#*J+>%1$e%($+"P& NV+& >%1?*& ,%C$>$*'&V*1*&
,+)"#X&>+VW<+>(%?*&`Q_IX&NW(AJ*a&%"#&2$?2W<+>(%?*W%.($<%(*#&`L_IX&QW5&SW5&3dOW5&%"#&0W(AJ*'a&
.2%""*>'!!#P& -)D'*T)*"(& D$+.2*C$.%>& %"#& J2%1C%.+>+?$.%>& '()#$*'& %"#& C+>*.)>%1& .>+"$"?&
$#*"($,$*#&(2*&C+>*.)>%1&$#*"($($*'&(2%(&,+1C&B%(&.2%""*>'P&N2)'5&(2*&QW(AJ*&.+11*'J+"#'&(+&(2*&
B%(8&')D,%C$>A!!$5&(2*&SW5&3dOW5&%"#&0W(AJ*'&.+11*'J+"#&(+&B%(H!!#5&%"#&(2*&NW(AJ*&.+11*'J+"#'&
(+&B%([!!%P&/^(*"'$<*&%>(*1"%($<*&'J>$.$"?&+,&(2*&(*"&M"+V"&p8&?*"*'5&(+?*(2*1&V$(2&.+CD$"%($+"'&
+,& '*<*1%>&nW')D)"$(& (AJ*'& %"#&J+'((1%"'>%($+"%>&C+#$,$.%($+"'5& ,)1(2*1&*"2%".*& (2*&C+>*.)>%1&
%"#&,)".($+"%>&#$<*1'$(A&+,&B%(&.2%""*>'!!&P&&
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E1?%"$.& C+>*.)>*'& %"#& *'J*.$%>>A& (+^$"'& 2%<*& D**"& $"'(1)C*"(%>& $"& #$'.+<*1$"?& (2*&
C%"A&C*CD*1'& +,& (2*& B%(& ,%C$>A& %'&V*>>& %'& $"& )"#*1'(%"#$"?& (2*$1&C+>*.)>%1& '(1).()1*& %"#&
,)".($+"P& g+1& *^%CJ>*5& (2*& QW(AJ*& .2%""*>&V%'& $'+>%(*#& %"#& .2%1%.(*1$e*#& +"& (2*& D%'$'& +,& $('&
'*"'$($<$(A&(+&#$2A#1+JA1$#$"*!!')"!!*)"!!+P&L+V*<*15&C+'(&')D'*T)*"(&#$'.+<*1$*'&V*1*&*"%D>*#&DA&
(2*& $#*"($,$.%($+"& +,& (V+& ?1+)J'& +,& (+^$"'X& (2*& kW.+"+(+^$"& ,%C$>A& +,& J+1*& D>+.M*1'& %"#& (2*&
,)".($+"%>>A&2*(*1+?*"*+)'&kW%?%(+^$"& ,%C$>A&+,&J+1*&D>+.M*1'&%"#&?%($"?&C+#$,$*1'P&N2*&,$1'(&
kW.+"+(+^$"5&c_!I5&V%'&#$'.+<*1*#&$"&(2*&<*"+C&+,&(2*&.+"*&'"%$>&:0*%'(-#0-&,28%'&%"#&$'&'($>>&
+"*&+,&(2*&C+'(&V$#*>A&)'*#&J2%1C%.+>+?$.%>&%?*"('&$"&(2*&'()#A&+,&B%(&.2%""*>'!!,)"!#-)"!#!P&c_!I&
$'&'*>*.($<*&,+1&SW(AJ*&`B%(HPHa&.2%""*>'&%"#&V%'&$"$($%>>A&*CJ>+A*#&(+&$"2$D$(&"*)1+(1%"'C$((*1&
1*>*%'*5& (2)'& ,)".($+"%>>A& >$"M$"?&SW(AJ*& .2%""*>'& (+& 'A"%J($.& (1%"'C$''$+"!#-)" !##P& Q%(*15&c_!I&
V%'&)'*#&(+&#*(*1C$"*&(2*&C+>*.)>%1&$#*"($(A&+,&(2*&2)C%"&SW(AJ*&.2%""*>5&DA&'2+V$"?&(2%(&%&
2*(*1+>+?+)'>A&*^J1*''*#&.2%""*>&.+"'$'($"?&+,&p8D5&nH5&%"#&pHt&.>+"*'&V%'&%D>*&(+&?*"*1%(*&%&
.)11*"(& V$(2& M$"*($.& J1+J*1($*'& '$C$>%1& (+& (2*& SW(AJ*& .)11*"(& *"#+?*"+)'>A& *^J1*''*#& $"&
"*)1+"'!#$)" !#%P& /<$#*".*& ')JJ+1($"?&%&J+1*WD>+.M$"?&C*.2%"$'C& ,+1&c!_I&.+C*'& ,1+C&'*<*1%>&
+D'*1<%($+"'!!,)"!#!)"!#&)"!#'P&g$1'(5&*%1>A&'(1).()1*W,)".($+"&'()#$*'&1*>$*#&+"&c_!I!#&)"!#*&(+&#*(*1C$"*&
(2*&%1.2$(*.()1*&+,&(2*&+)(*1&<*'($D)>*&+,&(2*&SW(AJ*&.2%""*>P&B+"'*T)*"(>A5&.2$C*1$.&.+"'(1).('&
D*(V**"&(2*&c_!IW'*"'$($<*&`SW(AJ*a&%"#&c_!IW$"'*"'$($<*&`3dOW(AJ*5&B%(HP8a&.2%""*>'&'2+V*#&
(2%(&(2*&(+^$"&D$"#'&(+&(2*&-Gj-F&>$"M*1&1*?$+"&+,&#+C%$"&!!!&+,&(2*&p8&')D)"$(!#&&')??*'($"?&(2%(&
c_!I& >$M*>A& %.('& <$%& J2A'$.%>& +..>)'$+"& +,& (2*& J+1*P& -*.+"#5& $".1*%'$"?& (2*& *^(*1"%>&
.+".*"(1%($+"&+,&(2*&J*1C*%"(&$+"&?1*%(>A&#*.1*%'*#&(2*&*,,$.$*".A&+,&(+^$"&D>+.M5&$"#$.%($"?&(2%(&
(2*&(+^$"&.+CJ*(*'&V$(2&#$<%>*"(&.%($+"'&D+)"#&%(&(2*&>+.)'&+,&'*>*.($<$(A!#+)"!#,P&N2$1#5&1*'$#)*'&$"&
.>+'*&J1+^$C$(A&(+&(2*&1*?$+"&$#*"($,$*#&DA&/>>$"+1&*(&%>P!#&&%>'+&.+"(1$D)(*&(+&D>+.M&+,&SW(AJ*&B%(&
.2%""*>'&DA&c_!I&'$".*&%&'$"?>*&%C$"+&%.$#&')D'($()($+"&$"&(2$'&1*?$+"&$'&'),,$.$*"(&(+&%>(*1&(2*&
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V2$.2& J%1($%>>A& +..>)#*'& (2*& J+1*& (+& 1*#).*& .2%""*>& .+"#).(%".*!$-P&E,& "+(*& $'& (2%(& (2*& (+^$"&
D$"#'&(+&(2*&.2%""*>&V$(2&<*1A&2$?2&%,,$"$(A4&)">*''&(2*&.2%""*>&2%'&D**"&$"%.($<%(*#5&$"&V2$.2&
.%'*& (2*& $"(*1%.($+"& $'&C).2&V*%M*1!#*P&N2*&%D$>$(A&+,&c_!I& (+&#$'.1$C$"%(*&D*(V**"&%.($<%(*#&
%"#&$"%.($<%(*#&'(%(*'&+,&(2*&.2%""*>&')??*'('&(2%(&(2*&J1+.*''&+,&$"%.($<%($+"&$'&%..+CJ%"$*#&DA&
%&.+",+1C%($+"%>&.2%"?*&$"&(2*&+)(*1&<*'($D)>*!#*P&/<$#*".*&(2%(&c_!I&C%A&%>'+&%>(*1&(2*&?%($"?&
AC
CE
PT
ED
 M
AN
US
CR
IPT
ACCEPTED MANUSCRIPT
 !!
J1+J*1($*'&+,&SW(AJ*&.2%""*>'&'(*C'&,1+C&V+1M&DA&K+"*'&*(&%>P!$!& $"&V2$.2&(2*A&1*J+1(&(2%(&(2*&
(+^$"& %,,*.('& $"%.($<%($+"W$"#).*#& $CC+D$>$e%($+"& +,& SW(AJ*& .2%""*>& ?%($"?& .)11*"('& %(&
#*J+>%1$e*#& <+>(%?*'P& N2$'& 2AJ+(2*'$'& V%'& ')D'(%"($%(*#& DA& v%1+('MAA& %"#& .+>>*%?)*'& V2+&
'2+V*#& (2%(& c_!I& $"#).*#& %& 89C_& #*J+>%1$e$"?& '2$,(& $"& (2*& ?%($"?& .2%1?*& <*1')'& <+>(%?*&
1*>%($+"'2$J& %'&V*>>& %'& %& #*.1*%'*#& +,,W?%($"?& .)11*"(& ($C*& .+"'(%"(& %"#& %& 'C%>>*1& +"W?%($"?&
.)11*"(!$#P&&
N2*&C+'(& 1*>*<%"(&C*CD*1&+,& (2*&kW%?%(+^$"& ,%C$>A!$$& $'& !_I5& %&?%($"?&C+#$,$*1& (+^$"&
$'+>%(*#&,1+C&(2*&,)""*>WV*D&'J$#*1&;-#1#*02'!'(,2#&+,P&!_I&$'&'J*.$,$.&,+1&3dOW(AJ*&.2%""*>'&%"#&
$(& 2%'& D**"& )'*#& (+& $'+>%(*& 3W.)11*"('& $"& 3)1M$"\*& "*)1+"'!$%)" !$&& %"#&OW.)11*"('& `%>'+&V$(2&kW
.+"+(+^$"&6_!!B!$'a& $"& ?1%")>%1& .*1*D*>>%1& "*)1+"'!$*)" !$+)" !$,P& N2*& ')D)"$(& .+CJ+'$($+"& +,& 3dO&
.2%""*>'&V%'& #*(*1C$"*#& DA& $CC)"+J1*.$J$(%($+"& +,& (2*& .2%""*>& .+CJ>*^& >%D*>*#&V$(2& !_I5&
V2$.2&')??*'(*#&(2%(&α15&αHδ5&%"#&β&')D)"$('&D)(&"+(&γ&')D)"$('&,+1C&(2*&.2%""*>!%-)"!%!)"!%#P&!_I&
2%'& 89& ($C*'& 2$?2*1& %,,$"$(A& ,+1& 3W.2%""*>'5& %"#& (2)'& $(& .%"& #$'($"?)$'2& D*(V**"& 3W& %"#& OW
')D(AJ*'& $"&C%CC%>$%"& ($'')*'P& !(& $'&M"+V"&"+V&(2%(& (2*&3W&%"#&OW')D(AJ*'&%1*& (2*&1*')>(&+,&
%>(*1"%($<*&'J>$.$"?&$"&(2*&-[W-7&>$"M*1&+,&#+C%$"&!_!%$5&V2$.2&2%'&%>'+&D**"&$#*"($,$*#&%'&%&(+^$"&
D$"#$"?& '$(*!%%)" !%&)" !%'P& L+V*<*15& 1*.*"(& *<$#*".*& ')??*'('& (2%(& (2$'& %>(*1"%($<*& 'J>$.$"?& .%""+(&
,)>>A& *^J>%$"& (2*& #$,,*1*".*& $"& %,,$"$(A& ,+1& !_I!%*P& E(2*1& ,%.(+1'5& ').2& %'& *^J1*''$+"& 'A'(*CW
#*J*"#*"(& (+^$"& 1*'J+"'*'5& (2*& $#*"($(A& +,& (2*& %)^$>$%1A& ')D)"$(`'a5& %"#& J+'(W(1%"'>%($+"%>&
.2%""*>& C+#$,$.%($+"'& C%A& %>'+& D*& $"<+><*#& $"& ?*"*1%($"?& (2*& .+CJ>*(*& 3W& %"#& OW.2%""*>&
J2*"+(AJ*'!%$)"!%+P&&
N2*&L_I&.2%""*>'&%1*&(%1?*(*#&DA&C)>($J>*&C*CD*1'&+,&(2*&kW.+"+(+^$"&%"#&kW%?%(+^$"&
,%C$>$*'&%"#&DA&1*>%(*#&(+^$"'5&').2&%'&kW?1%CC+(+^$"&-!I!%,&%"#&-Sf7:H!&-P&!"&.+"(1%'(5&(2*1*&
%1*&,*V*1&M"+V"&(+^$"'&(2%(&(%1?*(&Q_I&.2%""*>'P&N2*&,$1'(&#$'.+<*1*#&(+^$"&(2%(&%.('&V$(2&2$?2W
%,,$"$(A&%?%$"'(&NW(AJ*&.2%""*>'&$'&M)1(+^$"5&$'+>%(*#&,1+C&(2*&<*"+C&+,&(2*&'.+1J$+"&<,&,=%+8%'(
+&,*'>,,1!7%'P&b)1(+^$"&$'&%&?%($"?&C+#$,$*1&(2%(&%,,*.('&(2*&M$"*($.'&+,&%.($<%($+"&%"#&$"%.($<%($+"&
+,&(2*&.2%""*>P&!(&2%'&D**"&J1+J+'*#&(2%(&(2*&(+^$"&$"(*1%.('&V$(2&(2*&#+C%$"&!_&<+>(%?*W'*"'+1&
+,& (2*&NW(AJ*& .2%""*>!&!)" !&#P& &0*.*"(& '()#$*'& $#*"($,$*#&+(2*1& (+^$"'& `#"-"5&31+N^W!& %"#&31+N^W!!a&
(2%(& $"2$D$(& NW(AJ*& .2%""*>'!&$)" !&%P& L+V*<*15& (2*$1& %,,$"$(A& %"#& *,,*.('& +"& .2%""*>& ?%($"?& %1*&
#$,,*1*"(&.+CJ%1*#&V$(2&(2+'*&+,&M)1(+^$"P&g+1&*^%CJ>*5&31+N^W!!&C+#$,$*'&D+(2&(2*&%.($<%($+"&
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%"#&#*%.($<%($+"&M$"*($.'&D)(&2%'&"+&*,,*.(&+"& $"%.($<%($+"!&$P&;*(*1C$"$"?& (2*&D$"#$"?&'$(*'&+,&
(2*'*& (+^$"'&V$>>& D*& )'*,)>& (+& #$''*.(& +)(& (2*& 1+>*& +,& $"#$<$#)%>& <+>(%?*& '*"'+1'& $"& (2*& ?%($"?&
C*.2%"$'C&%"#&(2*&'(1).()1%>&%'J*.('&+,&$"%.($<%($+"&$"&NW(AJ*&.2%""*>'P&&
!
OH!I#0*.)'*(!P'4'G($#!Q$('*()01!450**'1!($2)*.!
N1%"'$*"(& 0*.*J(+1& 3+(*"($%>& `N03a& $+"& .2%""*>'& %1*& (*(1%C*1$.& "+"W'*>*.($<*& .%($+"& .2%""*>'&
(2%(& %1*& %1.2$(*.()1%>>A& '$C$>%1& (+& (2*&C*CD*1'& +,& (2*& <+>(%?*W?%(*#& $+"& .2%""*>& ,%C$>A!&&)" !&'P&
I>(2+)?2& '+C*& N03& .2%""*>'& #$'J>%A& C+#*'(& <+>(%?*W%.($<%($+"!&*)" !&+5& (2*A& %1*& ,)".($+"%>>A&
T)$(*&#$'($".(& ,1+C&<+>(%?*W?%(*#& $+"&.2%""*>'P&E"*&#*,$"$"?&.2%1%.(*1$'($.&+,&N03&.2%""*>'& $'&
(2%(& (2*A& %1*& %.($<%(*#& DA& %& #$<*1'*& 1%"?*& +,& '($C)>$& $".>)#$"?& (*CJ*1%()1*5& 'C%>>& +1?%"$.&
.+CJ+)"#'5& %"#& C*.2%"$.%>& '(1*''!&,)" !'-P& N2*& C*.2%"$'($.& )"#*1J$""$"?'& +,& (2$'& J+>AC+#%>&
?%($"?& %1*& J++1>A& )"#*1'(++#& %"#& (2*& >%.M& +,& '*>*.($<*& J2%1C%.+>+?$.%>& (++>'& 2%'& ?1*%(>A&
2%CJ*1*#&C*.2%"$'($.&'()#$*'&+"&N03&.2%""*>'P&N2*1*,+1*5& 1*.*"(&1*J+1('&+"& (2*&#$'.+<*1A&+,&
%"$C%>&(+^$"'&(2%(&'*>*.($<*>A&C+#)>%(*&(2*&%.($<$(A&+,&N03&.2%""*>&')D(AJ*'&2%<*&?$<*"&%&,1*'2&
>*%'*&+,&>$,*&(+&*,,+1('&,+.)'*#&+"&)"#*1'(%"#$"?&(2*&C*.2%"$'C&+,&%.($+"&+,&(2*'*&*"$?C%($.&$+"&
.2%""*>'P&I##$($+"%>>A5&N03&.2%""*>'&%1*&D*>$*<*#&(+&J>%A&$CJ+1(%"(&1+>*'&$"&J%$"&'$?"%>>$"?!'!)"
!'#&?$<$"?&1$'*&(+&(2*&$"(1$?)$"?&J+''$D$>$(A&(2%(&'*>*.($<*&(+^$"&C+#)>%(+1'&+,&(2*'*&.2%""*>'&C%A&
2%<*& (2*1%J*)($.&J+(*"($%>P& !"#**#5& 1*J+1('&+"&C+#)>%($+"&+,&N03_8&%"#&N03I8& .2%""*>'&DA&
%"$C%>&(+^$"'&2%<*&*"*1?$e*#&(2*&,$*>#&(1*C*"#+)'>A&%"#&(2*&C%\+1&,$"#$"?'&+,&(2*'*&'()#$*'&%1*&
')CC%1$e*#&D*>+VP&
I>'+& M"+V"& %'& (2*& <%"$>>+$#& 1*.*J(+15& N03_8& $'& (2*& C+'(& *^(*"'$<*>A& '()#$*#& N03&
.2%""*>!'$)"!'%P&!(&$'&%.($<%(*#&DA&%&#$<*1'*&1%"?*&+,&'C%>>&C+>*.)>*'&$".>)#$"?&.%J'%$.$"5&(2*&%.($<*&
$"?1*#$*"(& +,& .2$>>$& J*JJ*1'& (2%(& $'& 1*'J+"'$D>*& ,+1& (2*$1& h2+(i& '*"'%($+"5& %"#& %>'+& DA&
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$"&H99F&DA&K)>$)'&%"#&.+WV+1M*1'&V2+&1*J+1(*#&(2*&$'+>%($+"&+,&(21**&(+^$"'&,1+C&(2*&<*"+C&+,&
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(*'(*#&N03&.2%""*>'P&N2*&C+'(&J+(*"(&+,&(2*'*&(+^$"'5&_%N^[5&%.($<%(*#&N03_8&V$(2&%"&/B&-"+,&
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(+&%>'+&$"2$D$(&b(HP8P&N2$'&$"2$D$($+"&V%'&.2%1%.(*1$e*#&DA&%&1$?2(V%1#&'2$,(&$"&(2*&.+"#).(%".*W
<+>(%?*&1*>%($+"'2$J&+,&b(HP85&%"&*,,*.(&(2%(&C$11+1'&(2%(&+,&<+>(%?*&'*"'+1W(%1?*($"?&(+^$"'&').2&
%'&2%"%(+^$"&(2%(&D$"#&(+&<+>(%?*W?%(*#&.2%""*>&J%##>*&C+($,'#&)"%#P&
!"&H9895&%"+(2*1&>%"#C%1M&'()#A&1*J+1(*#&(2*&#$'.+<*1A&+,&%&'+W.%>>*#&#+)D>*WM"+(&(+^$"&
`;MN^a&V2$.2&V%'&$'+>%(*#&,1+C&(2*&<*"+C&+,&(2*&B2$"*'*&D$1#&'J$#*15&@,2102#1/,(8%9#*,(%"#&
#*C+"'(1%(*#&(+&D*&%&J+(*"(&N03_8&%?+"$'(%P&N2$'&(+^$"&.+"'$'('&+,&(V+&!Bb&#+C%$"'&%((%.2*#&
<$%&%&>$"M*1P&/%.2&!Bb&#+C%$"&2%'&(2*&%D$>$(A&(+&$"#$<$#)%>>A&%.($<%(*&N03_85&%>D*$(&V$(2&C).2&
>+V*1&J+(*".A&.+CJ%1*#&(+&;MN^%)"!''P&6+1*+<*15&.2%""*>&%.($<%($+"&DA&(2*&'*J%1%(*#&#+C%$"'&$'&
1*%#$>A&1*<*1'$D>*&V2*1*%'&)"D$"#$"?&+,&;MN^&$'&*^(1*C*>A&'>+V5&1*')>($"?&$"&%>C+'(&$11*<*1'$D>*&
%.($<%($+"&+,&(2*&.2%""*>P&N2*&.+".*"(1%($+"W1*'J+"'*&.)1<*&,+1&'$"?>*&)"$(W%.($<%($+"&+,&N03_8&
A$*>#'&%&L$>>&.+*,,$.$*"(&+,&s8&')??*'($"?&(2%(&'*<*1%>&;MN^&C+>*.)>*'&D$"#&(+&(2*&.2%""*>& $"&%&
.++J*1%($<*&,%'2$+"P&I&2$?2WA$*>#$"?&A"(701!&*^J1*''$+"&'A'(*C&,+1&(2*&2*(*1+>+?+)'&J1+#).($+"&
+,& ;MN^& 2%'& D**"& #*<*>+J*#& %"#& 2%'& J1+<$#*#& %..*''& (+& C$>>$?1%C& T)%"($($*'& +,& (2*& (+^$"5&
(2*1*DA&,%.$>$(%($"?&'(1).()1%>&%"#&,)".($+"%>&'()#$*'%)" &)" !''P&0*.*"(&'$"?>*WJ%1($.>*&*>*.(1+"&.1A+W
C$.1+'.+JA&'()#$*'&J1+<$#*#&%&[P:&y&1*'+>)($+"&'(1).()1*&+,&(2*&;MN^WN03_8&.2%""*>&.+CJ>*^&
V2$.2&%>'+&2%'&%&'C%>>&C+>*.)>*&%?+"$'(5&1*'$"$,*1%(+^$"5&D+)"#&(+& (2*&.2%""*>& `g$?P&[Da'P&N2$'&
'(1).()1*&1*<*%>*#& (2%(& (V+&C+>*.)>*'&+,&;MN^&D$"#& (+&+"*&C+>*.)>*&+,&N03_8&%(& (2*&')D)"$(&
$"(*1,%.*& $"& (2*&J+1*&#+C%$"& `(2*&-GW-F&1*?$+"aP&B+CJ%1$'+"&+,& (2$'&'(1).()1*&V$(2& (2%(&+,& (2*&
.2%""*>&V$(2+)(& D+)"#& >$?%"#!'*& J1+<$#*'& <%>)%D>*& $"'$?2('& $"(+& (2*& .+",+1C%($+"%>& .2%"?*'&
(2%(&%1*& $"<+><*#&$"&.2%""*>&+J*"$"?&)J+"&(+^$"&D$"#$"?P&!(&%JJ*%1'&(2%(& (2*&-8W-7&#+C%$"&+,&
N03_8& 1*C%$"'& 1*>%($<*>A& '(%($.& #)1$"?& ?%($"?&V2*1*%'& (2*&C+D$>*& 1*?$+"'& $"& N03_8& %1*& (2*&
J+1*& 2*>$^& %"#& (2*& +)(*1& >++J& .+""*.($"?& (2*& -G& %"#& -F& 2*>$.*'P& N2*'*& +D'*1<%($+"'& J%$"(& %&
,%'.$"%($"?&J$.()1*&+,&(2*&.+",+1C%($+"%>&.2%"?*'&$"<+><*#&$"&N03_8&?%($"?&V2$.2&%JJ*%1&(+&D*&
$"&'2%1J&.+"(1%'(&(+&(2+'*&$"<+><*#&$"&?%($"?&+,&<+>(%?*W%.($<%(*#&$+"&.2%""*>'&V2*1*&(2*&-8W-7&
#+C%$"& $'& D*>$*<*#& (+& )"#*1?+& >%1?*& .+",+1C%($+"%>& .2%"?*'& )J+"& %JJ>$.%($+"& +,& <+>(%?*&
'($C)>$&%"#&(2*&-GW-F&J+1*&#+C%$"&1*C%$"'&1*>%($<*>A&'(%($.#%)" !'+P&I(& (2$'&'(%?*5&2+V*<*15& (2*'*&
$#*%'&%1*&C*1*&2AJ+(2*'*'&(2%(&V$>>&"+&#+)D(&D*&(*'(*#&(2+1+)?2>A&$"&(2*&"*%1&,)()1*&DA&#*(%$>*#&
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 !%
N2*&N03I8&.2%""*>&$'&.2%1%.(*1$e*#&DA&(2*&J1*'*".*&+,&'*<*"(**"&1*J*%('&+,&(2*&%"MA1$"&
J1+(*$"&C+($,!',)" !*-P& !(& $'&%.($<%(*#&DA&J>%"(&J1+#).('& ').2&%'& $.$>$"5&%>>$.$"5&%"#& $'+(2$+.A%"%(*'&
%"#& $'& D*>$*<*#& (+& D*& %.($<%(*#& DA&"+^$+)'& .+>#& %"#&C*.2%"$.%>& '(1*''!*!)" !*#)" !*$)" !*%)" !*&P& !"& H99R5&
-.2%*,*1& %"#& .+WV+1M*1'& 1*J+1(*#& (2%(& %"& !Bb& (+^$"& $'+>%(*#& ,1+C& ."( '2,+%1,+,5& c'6N^W75&
%.($<%(*'&2)C%"&N03I8&*^J1*''*#&2*(*1+>+?+)'>A&$"&L/bH][&.*>>'!*'P&N2$'&(+^$"&$'&%>'+&%&D>+.M*1&
+,&C*.2%"+'*"'$($<*&$+"&.2%""*>',P&0*.*"(>A5&31+N^W!5&%&J1+C$'.)+)'&$"2$D$(+1&+,&<+>(%?*W?%(*#&
$+"&.2%""*>'&%5&V%'&'2+V"&(+&D*&%"&%"(%?+"$'(&+,&N03I8!**P&!"&(2$'&V+1M5&(2*&%)(2+1'&*CJ>+A*#&
(2*&1*.*"(>A&#*<*>+J*#&(*(2*1*#W(+^$"&%JJ1+%.2!*+)" !*,& (+&'.1**"&z899&J*J($#*&(+^$"'&%'&J+(*"($%>&
C+#)>%(+1'&+,&N03I85&V2$.2&>*#&(+&(2*&#$'.+<*1A&+,&31+N^W!&%'&%&N03I8&$"2$D$(+1P&&
N2*& #$'.+<*1A& +,& %"$C%>& (+^$"'& (2%(& '*>*.($<*>A& C+#)>%(*& N03& .2%""*>& ,)".($+"& 2%'&
(1*C*"#+)'& $CJ>$.%($+"'& $"&N03& .2%""*>&D$+>+?AP&N2*A&%1*& >$M*>A& (+&D*&J+V*1,)>&C*.2%"$'($.&
(++>'&,+1&)"#*1'(%"#$"?&(2*&C+>*.)>%1&#*(%$>'&+,&N03&.2%""*>&?%($"?5&$"&C).2&(2*&'%C*&V%A&(2%(&
D+(2&J+1*WD>+.M$"?&%"#&J%##>*W(%1?*($"?&!Bb&(+^$"'&2%<*&.+"(1$D)(*#&(+&+)1&)"#*1'(%"#$"?&+,&
?%($"?&$"&<+>(%?*W%.($<%(*#&.2%""*>'P&6+1*+<*15&(2*&)'*&+,&(2*'*&(+^$"'&%'&(2*1%J*)($.&C+>*.)>*'&
(%1?*($"?&N03& .2%""*>'& 1*C%$"'& %"&)"*^J>+1*#&%1*%& +,& 1*'*%1.2& %"#&C%A&D*&V+1(2&J)1')$"?&
?$<*"& (2*& ')..*''& +,& %& .+"*& '"%$>& (+^$"& `ωW.+"+(+^$"&6_!!Ia& (%1?*($"?& 'J$"%>& J+J)>%($+"'& +,&
B%(HPH&(2%(&+D(%$"*#&g;IW.>*%1%".*&,+1&(1*%(C*"(&+,&$"(1%.(%D>*&.21+"$.&J%$"!+-P&&
&
RH!S)/5F(5#$-/5G-(!.4#''*)*/!&$#!*$3'1!0*)%01!($2)*.!(0#/'()*/!)$*!450**'1.!!
6+'(& $+"& .2%""*>& (+^$"'& 1*J+1(*#& (+& #%(*5& $".>)#$"?& (2+'*& #*'.1$D*#& $"& (2$'& 1*<$*V5& V*1*&
#$'.+<*1*#& DA& '*1*"#$J$(A& +1& >+VW(21+)?2J)(& .2%1%.(*1$e%($+"& +,& $"#$<$#)%>& <*"+C&
.+CJ+"*"('P&B+"<*1'*>A5&C+'(&<*"+C&J*J($#*'&%1*&"+V&#$'.+<*1*#&(21+)?2&2+>$'($.&%"%>A'$'&+,&
<*"+C'&)'$"?&%&.+CD$"%($+"&+,&%#<%".*#&J1+(*+C$.&C*(2+#'&%"#&'*T)*".$"?&+,&<*"+CW?>%"#&
(1%"'.1$J(+C*'!+!P& N2*& %D$>$(A& (+& J1+#).*& (2*'*& J*J($#*'& <$%& 1*.+CD$"%"(& *^J1*''$+"!+#& +1&
.2*C$.%>&'A"(2*'$'!+$&C*%"'&(2%(&%&C).2&>%1?*1&")CD*1&+,&%"$C%>&(+^$"'&%1*&"+V&%<%$>%D>*&,+1&
#1)?& #$'.+<*1A& *,,+1('& %"#5&C+1*+<*15& $(& J1+<$#*'& %..*''& (+& (+^$"'& ,1+C&C$"$%()1*& <*"+C+)'&
%"$C%>'& (2%(& V+)>#& +(2*1V$'*& D*& $"%..*''$D>*& )'$"?& .+"<*"($+"%>& D$+%''%AW?)$#*#& <*"+C&
,1%.($+"%($+"P&L+V*<*15& (2*&?1+V$"?&")CD*1&+,&%<%$>%D>*& (+^$"'& .+CD$"*#&V$(2&%"& $".1*%'$"?&
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 !&
$"(*1*'(&$"&<*"+CWD%'*#&$+"&.2%""*>&#1)?&#$'.+<*1A&2%'&.1*%(*#&%&"**#&,+1&2$?2*1W(21+)?2J)(&
#$'.+<*1A&J$J*>$"*'!+!&P&&
N2*& D%'$.& 1*T)$1*C*"('& +,& 2$?2W(21+)?2J)(& '.1**"$"?& `LN-a& $".>)#*& 2$?2W%''%A&
'*"'$($<$(A& %"#& %..)1%.A& %'& V*>>& %'& 2$?2W%''%A& 1+D)'("*''& %"#& 1*J1+#).$D$>$(AP& N2$'& $'&
J%1($.)>%1>A& $CJ+1(%"(& V$(2& 1*'J*.(& (+& (2*& '.1**"$"?& +,& .1)#*& <*"+C'& +1& J%1($%>>A& J)1$,$*#&
<*"+C& ,1%.($+"'P& !"& .+"(1%'(& (+& .+CD$"%(+1$%>& .2*C$.%>& >$D1%1$*'5&V2$.2& +,(*"& .+CJ1$'*&C%"A&
(2+)'%"#'&$,&"+(&C$>>$+"'&+,&.+CJ+)"#'5&"%()1%>&J1+#).(&>$D1%1$*'&,1*T)*"(>A&.+"'$'(&+,&.1)#*&+1&
J%1($%>>A& J)1$,$*#& C$^()1*'& +,& .+CJ+)"#'& V$(2& #$<*1'*& D$+>+?$.%>& *,,*.('P& N2$'& 1*#).*'& (2*&
1*'+)1.*& 1*T)$1*C*"('& ,+1& '.1**"$"?5& D)(& %(& (2*& '%C*& ($C*& $"(1+#).*'& (2*& J+(*"($%>& ,+1&
$"(*1,*1*".*&,1+C&"+"W(%1?*(W'J*.$,$.&*,,*.('&,1+C&+(2*1&.+CJ+"*"('&+,&(2*&<*"+CP&N2)'5&V2$>*&
(2*& (1%#$($+"%>& ?+%>& ,+1& LN-& $"& (2*& J2%1C%.*)($.%>& $"#)'(1A& 2%'& D**"& (+& $".1*%'*& '.1**"$"?&
.%J%.$(A&(21+)?2&%)(+C%($+"&%"#&C$"$%()1$e%($+"&+,&%''%A'5&LN-&$"&(2*&.+"(*^(&+,&<*"+CWD%'*#&
#1)?&#$'.+<*1A&%1?)%D>A&1*T)$1*'&?1*%(*1&*CJ2%'$'&+"&#%(%&T)%>$(A!+!P&
g>)+1*'.*".*WD%'*#& %''%A'& %1*& .+CC+">A& )'*#& ,+1& 2$?2W(21+)?2J)(& $+"& .2%""*>&
'.1**"'!+%)"!+&P&!"&(2*'*&%''%A'5&(2*&(1%"'C*CD1%"*&,>)^&+,&$+"'&1*')>($"?&,1+C&.2%""*>&%.($<%($+"&
$'&#*(*.(*#&DA&.2%"?*'&$"&,>)+1*'.*".*&)'$"?&*$(2*1&$+"W'J*.$,$.&+1&C*CD1%"*WJ+(*"($%>W'*"'$($<*&
#A*'P& N2*& .2%"?*& $"& ,>)+1*'.*".*& $'& #*(*.(*#& )'$"?& 'J*.$%>$e*#& J>%(*& 1*%#*1'& `#"-"5& gQ!30/1/23aP&
B%>.$)CW'*"'$($<*& #A*'!+'& 2%<*& D**"& )'*#& C+'(& ,1*T)*"(>A& $"& 2$?2W(21+)?2J)(& $+"& .2%""*>&
'.1**"'!+%P&I&'$?"$,$.%"(&>$C$(%($+"&V$(2&(2*'*&%"#&+(2*1&"+"W*>*.(1+J2A'$+>+?AWD%'*#&LN-'&$'&(2*&
>%.M&+,&<+>(%?*&.+"(1+>5&V2$.2&$'&$CJ+1(%"(&V2*"&'.1**"$"?&,+1&(+^$"'&(2%(&$"(*1%.(&V$(2&<+>(%?*W
?%(*#&$+"&.2%""*>'P&I'&#$'.)''*#&%D+<*5&C%"A&$+"&.2%""*>&(+^$"'&%1*&?%($"?&C+#$,$*1'&(2%(&2%<*&
2$?2*'(&%,,$"$(A&,+1&'J*.$,$.&'(%(*'&+,&(2*&.2%""*>P&o$(2+)(&<+>(%?*&.+"(1+>5&(2*&.+"#).(%".*&'(%(*&
+,& (2*&.2%""*>&.%""+(&D*&.+"(1+>>*#5&C%M$"?& $(&#$,,$.)>(& (+&#*(*.(& (+^$"'&V$(2&.*1(%$"&C+#*'&+,&
%.($+"5& ').2& %'& (2+'*& (2%(& .%)'*& )'*W#*J*"#*"(& $"2$D$($+"P& @'*W#*J*"#*"(& (+^$"'& %1*& +,&
J%1($.)>%1& $"(*1*'(& ,+1& C+#)>%($"?& .2%""*>'& V2*1*& ')D(AJ*W'*>*.($<*& D$"#$"?& $'& #$,,$.)>(& (+&
%.2$*<*& D)(& C*.2%"$'($.& '*>*.($<$(A& A$*>#'& %"& %..*J(%D>*& (2*1%J*)($.& V$"#+V& `#"-"5& )'*W
#*J*"#*"(&S%(& .2%""*>& $"2$D$(+1'& (2%(& (%1?*(& 1%J$#>A& ,$1$"?& '*"'+1A& "*)1+"'&C$?2(& D*& )'*,)>&
%"%>?*'$.'aP&&
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N2*& {?+>#& '(%"#%1#|& ,+1& #*(*1C$"%($+"& +,& (2*& C*.2%"$'C& +,& %.($+"& +,& $+"& .2%""*>&
C+#)>%(+1'& $'&*>*.(1+J2A'$+>+?A5& %"#&1*.*"(& %#<%".*'& $".>)#*& (2*&#*<*>+JC*"(&+,& %)(+C%(*#&
J>%(,+1C'&,+1&'$"?>*W.*>>&*>*.(1+J2A'$+>+?A&'()#$*'5&(2)'&$".1*%'$"?&(21+)?2J)(!+%P&-*<*1%>&J>%"%1&
%11%AWD%'*#& %)(+C%(*#& *>*.(1+J2A'$+>+?A& 'A'(*C'& 2%<*& D**"& #*<*>+J*#& (+& $".+1J+1%(*& (2*&
J1*.$'$+"& %"#& %..)1%.A& +,& C%")%>& J%(.2W.>%CJ& *^J*1$C*"('!+%P& E,& (2*'*& 'A'(*C'5& (2*&
3%(.2fJ1*''4&`I^+"&!"'(1)C*"('a5&O3%(.256&`-+J2$+"a&%"#&3%(.2>$"*14&`S%"$+"a&J>%(,+1C'&2%<*&
?%$"*#&%..*J(%".*& %'& $+"& .2%""*>&#1)?W#$'.+<*1A&J>%(,+1C'& $"& (2*&J2%1C%.*)($.%>& $"#)'(1A!+%P&
N2*'*&%)(+C%(*#&J%(.2W.>%CJ&$"'(1)C*"('&%>>+V&'.1**"$"?&,+1&'(%(*W#*J*"#*"(&$"2$D$(+1'!+*P&
!"& +1#*1& (+& 1%($+"%>>A& $CJ1+<*& (2*& J+(*".A& %"#& '*>*.($<$(A& +,& $+"& .2%""*>& (+^$"'5& $(& $'&
*''*"($%>&(+&C%J&(2*&*J$(+J*'&(2%(&C*#$%(*&(2*$1&$"(*1%.($+"&V$(2&(2*&.2%""*>&+,&$"(*1*'(&`!"#"5&(2*&
(+^$"&J2%1C%.+J2+1*aP&-(1).()1*W%.($<$(A&1*>%($+"'2$J'&,+1&J*J($#*'&%1*&(1%#$($+"%>>A&#*<*>+J*#&
$"& (2*& ,$1'(& $"'(%".*& <$%& %>%"$"*& '.%""$"?& C)(%?*"*'$'5& V2*1*& %& J%"*>& +,& (+^$"& C)(%"('& $'&
J1+#).*#& $"& V2$.2& *%.2& 1*'$#)*& $'& $"#$<$#)%>>A& 1*J>%.*#& V$(2& I>%& %"#& (2*& *,,*.(& +"& (+^$"&
,)".($+"& $'&*^%C$"*#!++P&I>(2+)?2&(2$'&%JJ1+%.2&2%'&D**"&)'*#& (+&C%J&(2*&J2%1C%.+J2+1*&+,&
'*<*1%>& $+"& .2%""*>& (+^$"'&!)" &$)" !+,)" !,-)" !,!5& $(& $'& >%D+1$+)'& %"#& ($C*& .+"')C$"?& %'& %& ,)>>& J%"*>& +,&
%>%"$"*&C)(%"('&C)'(&D*&J1+#).*#&DA& .2*C$.%>& +1& 1*.+CD$"%"(&C*(2+#'P&I&C).2& ,%'(*1& %"#&
.2*%J*1&%>(*1"%($<*& $'& (+&J*1,+1C& (2*&*"($1*&%>%"$"*&'.%"&)'$"?& (2*&1*.*"(>A&1*J+1(*#& (*(2*1*#W
(+^$"& %JJ1+%.2!**P& !"& (2$'& C*(2+#5& ++.A(*'& %1*& $"\*.(*#&V$(2&C0SI& *".+#$"?& (2*& .2%""*>& +,&
$"(*1*'(&21%'&C0SI&*".+#$"?&"%($<*& (+^$"&+1&+"*&+,& (2*& %>%"$"*&C)(%"('P&N2*& (+^$"&.+"'(1).(&
*".+#*'&%"&SW(*1C$"%>&'$?"%>&'*T)*".*&(+&*"')1*&(2%(&(2*&(+^$"&$'&*^J+1(*#&,1+C&(2*&.*>>&%"#&%&
BW(*1C$"%>& ?>A.+'A>J2+'J2%($#A>$"+'$(+>& `c3!a& 1*.+?"$($+"& '*T)*".*& (2%(&#$1*.('& (2*& ++.A(*& (+&
.+<%>*"(>A&%((%.2&%&c3!&%".2+1&(+&(2*&(+^$"!*+)"!*,P&N2)'5&%,(*1&J1+#).($+"&%"#&*^J+1(5&(2*&J*J($#*&
(+^$"& $'& (*(2*1*#& (+& (2*& *^(1%.*>>)>%1& ')1,%.*& +,& (2*& ++.A(*& <$%& (2*& BW(*1C$"%>& c3!& %".2+1!**P&
!".>)'$+"& +,& %& >+"?& 2A#1+J2$>$.& >$"M*1& D*(V**"& (2*& BW(*1C$")'& +,& (2*& J*J($#*& %"#& (2*& c3!&
%".2+1& J1+<$#*'& '),,$.$*"(& ,>*^$D$>$(A& ,+1& (2*& (+^$"& (+& %..*''& (2*& .+W*^J1*''*#& .2%""*>5& V2$>*&
(%"#*C& 6A.& *J$(+J*'& $".+1J+1%(*#& $"(+& (2*& >$"M*1& 1*?$+"& ,%.$>$(%(*& T)%"($,$.%($+"& +,& (+^$"&
*^J1*''$+"!**P&=*.%)'*&(2$'&%JJ1+%.2&+D<$%(*'&(2*&"**#&,+1&J1+#).($+"&%"#&J)1$,$.%($+"&+,&(+^$"&
C)(%"('5&$(&1*#).*'&(2*&($C*&J*1$+#&,+1&J*1,+1C$"?&%"&%>%"$"*&'.%"&,1+C&C+"(2'&(+&%'&>$((>*&%'&
+"*&V**MP&I'&,+1&%"A&%>%"$"*&'.%""$"?&C)(%?*"*'$'&%JJ1+%.25&,%>'*&J+'$($<*'&V$>>&D*&+D(%$"*#&$,&
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(2*&(*(2*1*#&(+^$"&$'&"+(&.+11*.(>A&,+>#*#P&N2)'5&$(&$'&$CJ+1(%"(&(+&')D'*T)*"(>A&J1+#).*&%"#&(*'(&
(2*&,)".($+"&%"#&,+>#$"?&+,&(2*&'C%>>&")CD*1&+,&C)(%"('&$#*"($,$*#&%'&2$('&$"&(2*&(*(2*1*#W(+^$"&
'.1**"P&;*'J$(*& (2$'&1*T)$1*C*"(5& (2*&?1*%(>A& $CJ1+<*#&(21+)?2J)(&+,& (2$'&%JJ1+%.2&,%.$>$(%(*'&
(2*& C%JJ$"?& +,& J2%1C%.+J2+1*'& %.1+''& C)>($J>*& .2%""*>'& $,& %& (+^$"& 2%'& J+>AC+#%>&
J2%1C%.+>+?A5&(2*1*DA&*"%D>$"?&(2*&1%($+"%>&*"?$"**1$"?&+,&(+^$"&'*>*.($<$(AP&g+1&*^%CJ>*5&(2$'&
%JJ1+%.2&V%'&1*.*"(>A&)'*#&(+&C%J&(2*&J2%1C%.+J2+1*'&+"&31+N^W!&(2%(&C*#$%(*&$('&$"(*1%.($+"&
V$(2& N03I8& %"#&S%78PHP& N2*'*& J2%1C%.+J2+1*'&V*1*& ,+)"#& (+& D*& #$'($".(& D)(& +<*1>%JJ$"?5&
V2$.2&%>>+V*#&1%($+"%>&#*'$?"&+,&%"%>+?)*'&(2%(&%1*&'*>*.($<*&,+1&N03I8&+1&S%(8PH!**P&&
&
TH!I$2)*!'*/)*''#)*/,!0!#0()$*01'!!
N2*& ,)".($+"%>& J1+J*1($*'& +,& (+^$"'& ,+)"#& $"& %"$C%>& <*"+C'& %1*& ?*"*1%>>A& ')$(%D>*& ,+1& )'*& %'&
>$?%"#'&,+1&$+"&.2%""*>'5&'$".*&(2*'*&2%<*&D**"&2+"*#&DA&*<+>)($+"&(+&%.(&*,,*.($<*>A&$"&%&"%($<*&
J2A'$+>+?$.%>&.+"(*^(P&I>(2+)?2&C%"A&(+^$"'&.%"&D*&)($>$e*#&$"&(2*$1&)"%>(*1*#&'(%(*5&(2*1*&%1*&%&
")CD*1&+,&1*%'+"'&,+1&C+#$,A$"?&(2*CP&N+&J1+<$#*&%"&$"(*>>*.()%>&,1%C*V+1M&,+1&(2$'&'*.($+"5&
V*&#$'.)''&(2*&1%($+"%>*&,+1&h(+^$"&*"?$"**1$"?iP&&
E"*& 1*%'+"& ,+1& $"$($%($"?& %& (+^$"W*"?$"**1$"?& J1+\*.(& $'& (+& %>(*1& (+^$"& '*>*.($<$(AP& g+1&
*^%CJ>*5& $(& C%A& D*& #*'$1%D>*& (+& '2$,(& (+^$"& 'J*.$,$.$(A& ,1+C& $('& J1*,*11*#&C+>*.)>%1& (%1?*(& (+&
%"+(2*1&+"*P&I>(*1"%($<*>A5&%&"%($<*&(+^$"&C%A&"+(&%.(&V$(2&'),,$.$*"(&'*>*.($<$(A&+1&J+(*".A&%"#&
J*J($#*&*"?$"**1$"?&$'&1*T)$1*#&(+&*"2%".*&'J*.$,$.$(A&,+1&(2*&J%1($.)>%1&.2%""*>&$'+,+1C&D*$"?&
$"<*'($?%(*#P& g+1& D$+C*#$.%>& %JJ>$.%($+"'& +1& ,+1& #$%?"+'($.& %"#& (2*1%J*)($.& J)1J+'*'5& %&V$#*&
<%1$*(A& +,& (+^$"& *"?$"**1$"?& J1+(+.+>'& .%"& D*& *"<$'$+"*#& (2%(& V+)>#& %>(*1& BC& (2*& D$"#$"?&
J1+J*1($*'&+,& (2*&J*J($#*5&DC& $('&%D$>$(A&(+&.1+''&C*CD1%"*'5&EC& $('&'(%D$>$(A&)"#*1&J2A'$+>+?$.%>&
.+"#$($+"'5& +1& FC& $('& J2%1C%.+#A"%C$.& J1+J*1($*'!,#P& -$".*& (2$'& $'& %& <%'(& %"#& 1%J$#>A&C+<$"?&
,$*>#!,$)" !,%)" !,&5& $(& ,%>>'& D*A+"#& (2*& '.+J*& +,& (2$'& 1*<$*VP& !"'(*%#5& V*& .+".*"(1%(*& +"& (+^$"&
*"?$"**1$"?&,+1&$CJ1+<$"?&C+>*.)>%1&'J*.$,$.$(A5&%"&$CJ+1(%"(&$'')*&,+1&(2+'*&(+^$"'&(+&D*&)'*#&
%'&(++>'&,+1&$"<*'($?%($"?&D%'$.&$+"&.2%""*>&,)".($+"P&&
6+'(&%"$C%>&(+^$"'&2%<*&D**"&+J($C$e*#&DA&"%()1%>&'*>*.($+"&(+&*,,$.$*"(>A&(%1?*(&%&'$"?>*&
J2A'$+>+?$.%>>AW1*>*<%"(&J1+(*$"&(%1?*(&J1*'*"(&$"&%&'J*.$,$.&%"$C%>&`#"-"5&(2*&J1*A5&J1*#%(+1'5&+1&
.+CJ*($(+1'&+,&(2*&<*"+C+)'&'J*.$*'&(2%(&*<+><*#&(2*&(+^$"aP&!,&'*>*.($+"&2%'&$"#**#&+..)11*#&(+&
AC
CE
PT
ED
 M
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CR
IPT
ACCEPTED MANUSCRIPT
 !)
(%1?*(& %& 'J*.$,$.& $+"& .2%""*>5& V+)>#& $(& 1*%>>A& D*& J1+#).($<*& (+& ,)1(2*1& C+#$,A& %& (+^$"}& I"&
*^%CJ>*&+,&%&'J*.$,$.&'.*"%1$+& (2%(&V+)>#&1*T)$1*& (+^$"&*"?$"**1$"?&$'&%'& ,+>>+V'P&0*'*%1.2*1'&
*CJ>+A& 'J*.$,$.& (+^$"'& (+& $"<*'($?%(*& .$1.)$('& J1*'*"(& $"& C%CC%>$%"& 'A'(*C'& `%"#& >*''&
,1*T)*"(>A5&+(2*1&<*1(*D1%(*'5&+1&$"&"+"W<*1(*D1%(*&C+#*>&'A'(*C'&').2&%'&G&0'028!1,aP&L+V*<*15&
(2*& %.()%>& C+>*.)>%1& (%1?*(& +,& %& <*"+C& J*J($#*& C%A& D*& %"& $+"& .2%""*>& $"& 'J*.$,$.&
J2A>+?*"*($.%>>AW#$'(%"(&$"'*.('P&S+"*(2*>*''5&(2$'&(%1?*(&C%A&D*&%&2+C+>+?&+,&%"&$+"&.2%""*>&+,&
$"(*1*'(& $"& %& 'J*.$,$.& C%CC%>$%"& .$1.)$(P& =*.%)'*& +,& (2*& *<+>)($+"%1A& #$'(%".*5& (2*1*& $'& "+(&
"*.*''%1$>A&%&8X8& .+11*'J+"#*".*P&g+1&*^%CJ>*5& (2*1*&C%A&D*&%& '$"?>*&J2A'$+>+?$.%>>AW1*>*<%"(&
C+>*.)>%1&(%1?*(&$"&(2*&$"'*.(5&A*(&$"&C%CC%>$%"&'A'(*C'&(2%(&$+"&.2%""*>&C%A&2%<*&#$<*1?*#&
$"(+& (V+&.>+'*>AW1*>%(*#&2+C+>+?+)'& $+"&.2%""*>& $'+,+1C'P&B+"'*T)*"(>A5& (2$'&<*"+C&J*J($#*&
C%A& (%1?*(& D+(2&C%CC%>$%"& $'+,+1C'&V$(2& *T)%>& %,,$"$(AP& N+& D*& %& ')$(%D>*& 1*'*%1.2& (++>5& (2$'&
(+^$"&V+)>#&"**#&(+&D*&*"?$"**1*#&(+&D*&'J*.$,$.&,+1&+">A&+"*&+,&(2*&(V+&#*1$<%($<*&$'+,+1C'&$"&
(2*& C%CC%>$%"& .$1.)$(1AP& !"& (2*& '*.($+"'& (2%(& ,+>>+V5& V*& *^%C$"*& (V+& %.()%>& .%'*'& +,& (+^$"&
*"?$"**1$"?&(2%(&V*1*&.%11$*#&+)(&V$(2&(2*&?+%>&+,&#*<*>+J$"?&J+V*1,)>&(++>'&,+1&'()#A$"?&$+"&
.2%""*>&,)".($+"P&!"&D+(2&.%'*'5&(2*&C+>*.)>%1&(%1?*($"?&'J*.$,$.$(A&+,&%&"%($<*&(+^$"&V%'&%>(*1*#&
(+&D*&%JJ1+J1$%(*&,+1&C%CC%>$%"&%JJ>$.%($+"'P&&
&
I& ,$1'(& *^%CJ>*& +,& (+^$"& *"?$"**1$"?& .+".*1"'& -2b!,'5& %& '*%& %"*C+"*& (+^$"& ,1+C&
6+!780?,7+51,(8#1!,*+8%'5&(2%(&2%'&D**"&)'*#&(+&$"<*'($?%(*&(2*&C+>*.)>%1&C*.2%"$'C'&)"#*1>A$"?&
%)(+$CC)"$(AP& /%1>A& $"<*'($?%($+"'& DA& B2%"#A& %"#& .+V+1M*1'& *'(%D>$'2*#& (2*& *^J1*''$+"& +,&
'J*.$,$.&b(&.2%""*>&$'+,+1C'&$"&NW.*>>'P&N2*&'J*.$,$.&NW.*>>&')D.>%''&$CJ>$.%(*#&$"&(2*&J%(2+>+?A&
+,&%)(+$CC)"*&#$'*%'*&1*T)$1*'&(2*&*^J1*''$+"&+,&b78P[5&%&C*CD*1&+,&(2*&-2%M*1&')D,%C$>A&+,&
b(& .2%""*>'!,*P& N2$'& 'V$(.2& $"& ?*"*& *^J1*''$+"& $'& *''*"($%>& ,+1& %CJ>$,$.%($+"& +,& (2*& NW.*>>&
J+J)>%($+"& 1*'J+"'$D>*& ,+1& #$<*1'*& (AJ*'& +,& %)(+$CC)"*& #$'*%'*P& !"& (2*& '*%1.2& ,+1& >$?%"#'&
'J*.$,$.&,+1&b(8P[5&-2b&V%'&,+)"#&(+&D>+.M&(2$'&J%1($.)>%1&b(&.2%""*>&$'+,+1C&V$(2&2$?2&%,,$"$(AP&
L+V*<*15& (2*& "%($<*& (+^$"& %>'+& $"2$D$(*#& (2*& .>+'*>A& 1*>%(*#& b78P8& $'+,+1CP& -)D'*T)*"(>A5&
B2%"#A&%"#&.+V+1M*1'&.%11$*#&+)(&%&(+^$"W*"?$"**1$"?&J1+?1%C&$"&V2$.2&(2*A&'A"(2*'$e*#&[:&
%"%>+?'&(+&$CJ1+<*&-2b&'*>*.($<$(A&(+V%1#'&b78P[&`'**&B2$&*(&%>P5&H98H&,+1&%&1*<$*V!,+aP&I'&%&1*')>(&
+,& (2*'*& *,,+1('5& '*<*1%>& %"%>+?'& V*1*& $#*"($,$*#& (2%(& '2+V*#& C).2& $CJ1+<*#& '*>*.($<$(A& ,+1&
AC
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PT
ED
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ACCEPTED MANUSCRIPT
 !*
b78P[P&!(&$'&V+1(2&C*"($+"$"?&(2%(&$"&(2$'&J%1($.)>%1&.%'*5&(2*&(+^$"&*"?$"**1$"?&'(1%(*?A&#$#&"+(&
$"<+><*& ')D'($()($+"& +,& (2*& "+1C%>& .+CJ>*C*"(& +,& %C$"+& %.$#'P& !"'(*%#5& -2b&V%'& .2*C$.%>>A&
#*1$<%($e*#&%(&(2*&SW(*1C$")'&V$(2&%"&QWJ2+'J2+(A1+'$"*&%((%.2*#&(+&%"&%C$"+*(2A>+^AW%.*(A>&
>$"M*1&%"#&V%'&%>'+&%C$#%(*#&%(&(2*&BW(*1C$")'P&S*^(5&(2*&b(8P[&'*>*.($<*&%"%>+?'&V*1*&'2+V"&
(+&D*&*,,$.%.$+)'&$"&<%1$+)'&%"$C%>&C+#*>'&+,&%)(+$CC)"*&#$'*%'*P&E"*&+,&(2*'*&%"%>+?'5&-2bW
8:F5&$'&.)11*"(>A&)"#*1&#1)?&#*<*>+JC*"(&DA&b$"*(%&!".P4&-2bW8:F&1*.*"(>A&.+CJ>*(*#&32%'*&!%&
.>$"$.%>& (1$%>'& %"#& $(& V$>>& '++"& *"(*1& 32%'*& 8D& (1$%>'& ,+1& (1*%(C*"(& +,& J'+1$%($.& %1(21$($'P&
31*>$C$"%1A&V+1M&)'$"?&%&<%1$*(A&+,&%"$C%>&C+#*>'&$"#$.%(*'&(2*&J+(*"($%>&+,&-2b&#*1$<%($<*'&,+1&
(1*%($"?&#$<*1'*&(AJ*'&+,&%)(+$CC)"*&#$'*%'*&').2&%'&(AJ*&!&#$%D*(*'5&12*)C%(+$#&%1(21$($'5&%"#&
C)>($J>*&'.>*1+'$'P&&
c$<*"& (2%(& (2*& b78P[& $'+,+1C& $'& *^J1*''*#& $"&C%"A& ($'')*'& $".>)#$"?& "*)1+"'5& $(& V%'&
')1J1$'$"?& (+& >*%1"& (2%(& (2*& *"?$"**1*#& '*%& %"*C+"*& J*J($#*& $'& .>$"$.%>>A& *,,*.($<*& V$(2+)(&
2%<$"?&%&'*1$+)'&'$#*W%,,*.(&J1+,$>*P&B2%"#A&%"#&.+V+1M*1'&2%<*&%&J+(*"($%>&*^J>%"%($+"&,+1&(2$'&
J2*"+C*"+"X&(2*1*&$'&%&C*(%>>+J1+(*$"%'*&*^J1*''*#&$"&"*)1+"'5&V2$.2&2%'&%&#+C%$"&(2%(&D$"#'&
(+& (2*&2+C+C*1$.&b78P[& .2%""*>&D)(&"+(& (+&2*(*1+C*1$.&.+CD$"%($+"'!,,)" #--P&N2*& $CJ>$.%($+"& $'&
(2%(& $"& "*)1+"'5& b78P[& .2%""*>& 2+C+C*1'& .%""+(& D*& *^J1*''*#& +"& (2*& J>%'C%& C*CD1%"*4&
2+V*<*15& $CC)"*& .*>>'& >%.M& (2*& C*(%>>+J1+(*$"%'*& %"#& %'& ').2& (2*& NW.*>>'& $CJ>$.%(*#& $"&
%)(+$CC)"$(A&C%A&D*& (2*&+">A& '$?"$,$.%"(& .*>>&J+J)>%($+"&V$(2& (2*&2+C+C*1$.&b78P[& .2%""*>&
*^J1*''*#&+"& (2*&C*CD1%"*& ')1,%.*P&I'&%& 1*')>(5& (2*&*"?$"**1*#&-2b&<%1$%"(&2%'&C).2&C+1*&
'J*.$,$.$(A& (2%"& V+)>#& 2%<*& D**"& %"($.$J%(*#& J)1*>A& ,1+C& b78P[& ?*"*& *^J1*''$+"& J%((*1"'P&
E<*1%>>5& (2$'& .%'*& "$.*>A& $>>)'(1%(*'& (2*& %#<%"(%?*'& +,& 2%<$"?& %& 2$?2>AW'J*.$,$.& >$?%"#& ,+1&
)"#*1'(%"#$"?&(2*&1+>*&+,&%&C+>*.)>%1&(%1?*(&$"&"+1C%>&J2A'$+>+?A&%"#&$"&J%(2+J2A'$+>+?AP&&
&
I& '*.+"#& *^%CJ>*& +,& (+^$"& *"?$"**1$"?& 1*>%(*'& (+& "$.+($"$.& %.*(A>.2+>$"*& 1*.*J(+1'&
`"IB20'a&J1*'*"(&$"&(2*&#+J%C$"*1?$.&.$1.)$(1A&`,+1&%&1*<$*V5&'**&O)$M&%"#&6.!"(+'25&H99F#-!4 
E>$<*1%&*(&%>P5&H99:#-#4&Ie%C&%"#&6.!"(+'25&H99]#-$aP&I>(2+)?2&#$<*1?$"?&,1+C&(2*& ,+.)'&+,& (2*&
1*<$*V& +"& <+>(%?*W?%(*#& $+"& .2%""*>'5& V*& J1*'*"(& (2$'& *^%CJ>*& (+& $>>)'(1%(*& 2+V& (+^$"&
*"?$"**1$"?&.%"&>*%#&(+&')1J1$'$"?&$"'$?2('&$"(+&$+"&.2%""*>&,)".($+"P&N2*&D$+C*#$.%>&1%($+"%>*&
+,& (2$'& '()#A& $'& (2*& +D'*1<%($+"& (2%(& 2*%<A& 'C+M*1'& %JJ*%1& (+& D*&J1+(*.(*#& ,1+C&3%1M$"'+"|'&
AC
CE
PT
ED
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ACCEPTED MANUSCRIPT
 #+
#$'*%'*5& J*12%J'& D*.%)'*& (2*& "$.+($"*& $"& (+D%..+& J1+<$#*'& %& J1+(*.($<*& *,,*.(#-%P& !"& +1#*1& (+&
)"#*1'(%"#& (2*& C+>*.)>%1& C%.2$"*1A& )"#*1>A$"?& (2$'& J2*"+C*"+"5& $(& $'& #*'$1%D>*& (+& #*,$"*&
V2$.2&"$.+($"$.&1*.*J(+1&$'+,+1C'&C$?2(&C*#$%(*&(2*&J1+(*.($<*&*,,*.(&+,&"$.+($"*P&
N2*& $"$($%>& #%(%& (2%(& (1$??*1*#& (2$'& $"<*'($?%($+"& $'& '2+V"& $"& g$?)1*& 7P&I& 1%#$+>%D*>*#&
:0*%'&J*J($#*5&pW.+"+(+^$"&6!!& ,1+C&(2*& ,$'2W2)"($"?&.+"*&'"%$>&:0*%'(/,-%'& `(2*&6%?$.$%"|'&
.+"*a5&V%'&'2+V"&(+&>%D*>&(2*&'%C*&1*?$+"&+,&(2*&'(1$%()C&%'&%&>$?%"#&(2%(&D$"#'&(2*&#+J%C$"*&
(1%"'J+1(*1P& -$".*& pW.+"+(+^$"'& %1*& "IB20& %"(%?+"$'('5& (2$'& +D'*1<%($+"& ')??*'(*#& (2%(& (2*&
(%1?*(& +,& (2*& J*J($#*& V%'& J1*'*"(& $"& (2*& #+J%C$"*1?$.& .$1.)$(1AP& !"& +1#*1& (+& #*(*1C$"*& (2*&
'*>*.($<$(A&+,&pW.+"+(+^$"&6!!5&.>+"*#&"IB20&')D)"$('&V*1*&*^J1*''*#&%"#&%''%A*#&$"&H#*02%'&
++.A(*'&%"#&*"')$"?&*^J*1$C*"('&1*<*%>*#&(2%(&pW.+"+(+^$"&6!!&$"2$D$('&"IB20'&.+"(%$"$"?&pF&
+1&p[&')D)"$('P&N2$'&$'&"+(&*"($1*>A&)"*^J*.(*#5&'$".*&(2*'*&(V+&pW')D)"$('&%1*&(2*&C+'(&.>+'*>A&
1*>%(*#& +,& %>>& C%CC%>$%"& "IB20& ')D)"$('P& L+V*<*15& *CJ>+A$"?& (2*& (+^$"& (+& $#*"($,A& (2*&
J1*.$'*& .+CJ+'$($+"& +,& (2*& "IB20'& J1*'*"(& $"& (2*& '(1$%(%>& #+J%C$"*1?$.& .$1.)$(1A& V+)>#& D*&
$CJ+''$D>*P&I"& %##$($+"%>& .+CJ>$.%($+"& $'& (2%(& ,)".($+"%>&"IB20'& %1*&J*"(%C*1$.5&V$(2&C+'(&
D*$"?&2*(*1+C*1$.&.+CD$"%($+"'&+,&(V+&pW&%"#&(21**&"+"WpW')D)"$('P&N2)'5&"+(&+">A&V%'&(2*1*&%&
J1+D>*C&$"&#$,,*1*"($%($"?&D*(V**"&p[&%"#&pFW.+"(%$"$"?&"IB20'5&D)(&%>'+&$"&#*(*1C$"$"?&(2*&
$#*"($(A&+,& (2*&+(2*1& ')D)"$('P&E"*&%JJ1+%.2& (+& 1*C*#A& (2$'& >$C$(%($+"&V%'& (+&*"?$"**1& %"&pW
.+"+(+^$"&6!!&<%1$%"(&V$(2&?1*%(*1&')D)"$(&'*>*.($<$(AP&N2$'&V%'&%..+CJ>$'2*#&DA&'A"(2*'$e$"?&%&
'*1$*'&+,&'$"?>*W')D'($()($+"&%"%>+?'5&,+>>+V*#&DA&.+CD$"$"?&(2+'*&')D'($()($+"'&(2%(&2%#&2$?2*1&
%,,$"$(A& ,+1& pFW.+"(%$"$"?& "IB20'& .+CJ%1*#& (+& (2+'*& .+"(%$"$"?& p[#-&P& @'$"?& %"& *"?$"**1*#&
J*J($#*&V$(2& (V+& %C$"+& %.$#& ')D'($()($+"'5& $(&V%'& 1*%#$>A& *'(%D>$'2*#& (2%(& (2*& #+J%C$"*1?$.&
.$1.)$(1A&$"&(2*&'(1$%()C&2%#&pFW.+"(%$"$"?&`%"#&"+(&p[a&"IB20'P&!"&.+CD$"%($+"&V$(2&M"+.M+)(&
C$.*&'()#$*'!,$5&(2*&1*.*J(+1&V%'&#*,$"*#&%'&2%<$"?&%&`pFa#`nHa#n[&.+CJ+'$($+"P&&
!"&(2*&.+)1'*&+,&(2*'*&'()#$*'5&%"&)"*^J*.(*#&+D'*1<%($+"&V%'&C%#*X&V2*"&1%#$+>%D*>*#&
pW.+"+(+^$"& 6!!& V%'& #$'J>%.*#& DA& *$(2*1& (2*& "%($<*& <%1$%"(& +1& DA& (2*& %"%>+?& (2%(& .+)>#&
#$'($"?)$'2& D*(V**"& pF& %"#& p[5& %& '$"?>*& #$'J>%.*C*"(& .)1<*& V%'& +D(%$"*#P& L+V*<*15& +"*&
%"%>+?&+,&pW.+"+(+^$"&6!!&`'2+V"&$"&g$?P&7a&2%#&%&D$J2%'$.&#$'J>%.*C*"(5&')??*'($"?&(2%(&(2*1*&
V*1*&(V+&$'+,+1C'&+,&(2*&pFW.+"(%$"$"?&"IB20&J1*'*"(&$"&(2*&'(1$%()CP&g+>>+VW)J&*^J*1$C*"('&
$"#**#& *'(%D>$'2*#& (2%(& (2*& (V+&pFW.+"(%$"$"?& $'+,+1C'& $"& (2*& '(1$%()C&%1*& >$M*>A& (+& D*& (2+'*&
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 #!
'2+V"&$"&(2*& ,$?)1*5& !"#"5&+"*&$'+,+1C&.+"(%$"$"?&`pFa#`nHa#n[&%"#&%&'*.+"#& $'+,+1C&.+"(%$"$"?&
pFp7`nHa#n[P& N2*'*& '()#$*'& %>'+& $"#$.%(*#& (2%(& (2*& 2$?2W%,,$"$(A& $'+,+1C& (2%(& .+"(%$"'& %"& pF&
')D)"$(&#$'%JJ*%1'&*%1>A&$"&(2*&J1+?1*''$+"&(+&%&#$'*%'*&'(%(*&$"&%&J1$C%(*&C+#*>&+,&3%1M$"'+"|'&
#$'*%'*#-'P& N2)'5& *"?$"**1$"?&"%($<*&pW.+"+(+^$"&6!!& *"%D>*#& (2*& $#*"($,$.%($+"& +,& (2*&"IB20&
')D(AJ*& $"& (2*& #+J%C$"*1?$.& .$1.)$(1A& %'& V*>>& %'& (2*& J+''$D>*& .+""*.($+"& +,& (2*'*& "$.+($"$.&
1*.*J(+1'&V$(2&(2*&J1+?1*''$+"&+,&(2*&#$'*%'*&'(%(*P&
&
NH!U$*41-.)$*!
I"$C%>& (+^$"'& 2%<*& D**"& ')..*'',)>>A& *CJ>+A*#& ,+1& C%"A& A*%1'& (+& $"<*'($?%(*& $+"& .2%""*>&
,)".($+"P& N2*& %D$>$(A& (+& .+"'(1).(& .;SI& >$D1%1$*'& ,1+C& %"$C%>& <*"+C& ?>%"#'& (+?*(2*1& V$(2&
1*.+CD$"%"(d'A"(2*($.& J1+#).($+"& C*(2+#'& %"#& 2$?2W(21+)?2J)(& '.1**"$"?& (*.2"$T)*'& V$>>&
%>>+V& 1*'*%1.2*1'& (+& D*((*1& *^J>+$(& %"$C%>& J*J($#*'& (+& $"<*'($?%(*& (2*& ,)".($+"%>& %'J*.('& +,&
<%1$+)'&$+"&.2%""*>&$'+,+1C'&%"#&1*.*J(+1'&%'&V*>>&%'&*^%C$"*&(2*$1&1+>*&$"&"+1C%>&%"#&#$'*%'*&
'(%(*'P&6+1*+<*15&'A"(2*($.&C*(2+#'&').2&%'&.A.>$e%($+"5&C$"$C$e%($+"5&%"#&(2*&)'*&+,&#$'*>*"$#*&
D1$#?*'!,#)" !,&&C%A&+<*1.+C*& (2*& .2%>>*"?*'& (2%(&*^$'(& D*(V**"& (2*& $"$($%>&#1)?&#$'.+<*1A& '(%?*&
%"#&(2*&.>$"$.%>&%JJ>$.%($+"&+,&(2*'*&(+^$"'5&V2$.2&V$>>&*"%D>*&(2*$1&)'*&%'&(2*1%J*)($.'P!!
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@4?*$C1'+/'%'*(.!
o*&V+)>#&>$M*&(+&(2%"M&b*"(+"&K&-V%1(e&`S!S;-WS!La&,+1&C%M$"?&%<%$>%D>*&(2*&#%(%&'2+V"&$"&
g$?)1*& 8P& o*& V+)>#& %>'+& >$M*& (+& (2%"M& 6%1$*Wg1%".*& 6%1($"W/%).>%$1*& %"#& 3$*11*& /& =+)?$'&
`@"$<*1'$(A& +,&6%1'*$>>*a& ,+1& '2%1$"?& I%L!!& %"#& B''!!& ,+1& .+"#).($"?& *^J*1$C*"('& '2+V"& $"&
g$?)1*&H&%'&V*>>&%'&(2*&C*CD*1'&+,&(2*&;%<$#&K)>$)'|'&%"#&v$,%"&B2*"?|'&>%D'&`@B-ga&,+1&'2%1$"?&
%"& $C%?*& +,& (2*& N03_8& '(1).()1*& '2+V"& $"& g$?)1*& [P& N2$'& J)D>$.%($+"&V%'& ')JJ+1(*#& DA& (2*&
S%($+"%>& !"'($()(*&+,&S*)1+>+?$.%>&;$'+1#*1'&%"#&-(1+M*& `S!S;-a&+,& (2*&S%($+"%>& !"'($()(*'&+,&
L*%>(2& `S!La& )"#*1& %V%1#& ")CD*1& 099S-9R[R]R& `g=a5& DA& %& S%($+"%>& !"'($()(*& +,& c*"*1%>&
6*#$.%>& -.$*".*'& c1%"(& c67:FRR& `=6Ea5& DA& (2*& IC*1$.%"& L*%1(& I''+.$%($+"& `ILI&
8[-;c87GR99H7a& `66a5& %"#& (2*& I)'(1%>$%"& S%($+"%>& L*%>(2& ~& 6*#$.%>& 0*'*%1.2& B+)".$>&
`31$".$J%>&0*'*%1.2&g*>>+V'2$J&%"#&31+\*.(&c1%"(&I3389[7]G:&(+&cgbaP&
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 #$
P'&'#'*4'.!
8P& L$>>*5&=P&`H998aP&I0*(78,**#1'(0J(#K7!+,=1#(/#/=&,*#'P&[&*#$(5&8P&8&<+>'5&-$"%)*1&I''+.$%(*'5&!".P5&
6I5&@-IP&
HP& 6*D'5&;P&`H99HaP&L#*0/0%'(,*?(<0!'0*0%'(;*!/,1'M(;(@,*?=00N(J0&(O!010-!'+'3(40K!7010-!'+'(,*?(
40K!*010-!'+'3(<85'!7!,*'(,*?(<8,&/,7!'+'P&8'(&*#$(5&6*#J2%1CP&
[P& ;)(*1(1*5&-P&~&Q*V$'5&0P& KP& `H989aP&@'*&+,&<*"+C&J*J($#*'& (+&J1+D*& $+"&.2%""*>&'(1).()1*&
%"#&,)".($+"P&P(O!01(:8#/&KVO5&8[[8GWH9P&
7P& =+2>*"5& BP& KP5& 31$*>5& IP5& r2+)5& -P5& b$"?5& ;P5& -$*C*"'5& KP& ~& K)>$)'5& ;P& `H989aP& I& D$<%>*"(&
(%1%"()>%& (+^$"& %.($<%(*'& (2*& .%J'%$.$"& 1*.*J(+15& N03_85& DA& (%1?*($"?& (2*& +)(*1& J+1*&
#+C%$"P&:#11&JNJ5&:[7W7GP&
GP& B%+5& /P5& B+1#*1+W6+1%>*'5& KP& gP5& Q$)5& =P5&O$"5& gP&~& K)>$)'5&;P& `H98[aP& N03_8& .2%""*>'& %1*&
$"(1$"'$.%>>A&2*%(&'*"'$($<*&%"#&"*?%($<*>A&1*?)>%(*#&DA&J2+'J2+$"+'$($#*&>$J$#'P&Q#%&0*&TT5&
FFRWR]P&
FP& B%+5&/P5&Q$%+5&6P5&B2*"?5&vP&~&K)>$)'5&;P&`H98[aP&N03_8&'(1).()1*'&$"&#$'($".(&.+",+1C%($+"'&
1*<*%>&%.($<%($+"&C*.2%"$'C'P&Q,+%&#&OWN5&88[W:P&
RP& ;$+.2+(5& -P5& -%>$"%'5& 6P5& =%1+"5& IP5& /'.+)D%'5& 3P& ~& Q%e#)"'M$5& 6P& `H99RaP& 3*J($#*'&
$"2$D$(+1'&+,&%.$#W'*"'$"?&$+"&.2%""*>'P&40K!70*&NX5&HR8WH:7P&
:P& =%.+"?)$'5&!P5&=+2>*"5&BP&KP5&c+*21$"?5&IP5&K)>$)'5&;P&~&c+)%)^5&/P&`H987aP&fW0%A&-(1).()1*&
+,& I.$#W-*"'$"?& !+"& B2%""*>& 8W-"%M*& N+^$"& B+CJ>*^& 0*<*%>'& EJ*"& -(%(*& +,& %& S%ZW
-*>*.($<*&B2%""*>P&:#11&JOR5&R8RWRH]P&
]P& =+VC%"5& BP& QP5& c+((>$*D5& 3P& IP5& -).2A"%5& NP& 6P5& 6)1J2A5& vP& bP& ~& -%.2'5& gP& `H99RaP&
6*.2%"+'*"'$($<*& $+"& .2%""*>'& %"#& (2*& J*J($#*& $"2$D$(+1&c'6N^W7X&L$'(+1A5& J1+J*1($*'5&
C*.2%"$'C'&%"#&J2%1C%.+>+?AP&40K!70*&NX5&H7]WHR9P&
89P& ;*D$"5& KP&IP&~&-(1$.2%1(e5&cP&0P& `8]]8aP&B2>+1$#*&B2%""*>& !"2$D$($+"&DA& (2*&_*"+C&+,& (2*&
-.+1J$+"&Q*$)1)'WO)$"T)*'(1$%()'P&40K!70*&KX5&879[W879:P&
88P& B2%"?5& BP& BP& ~& Q**5& BP& vP& `8]F[aP& !'+>%($+"& +,& S*)1+(+^$"'& ,1+C& _*"+C& +,& =)"?%1)'&
6)>($.$".()'&%"#&N2*$1&6+#*'&+,&S*)1+C)'.)>%1&=>+.M$"?&I.($+"P&;&78!>#'(I*+#&*,+!0*,1#'(
G#(<8,&/,70?5*,/!#(A+(G#(48#&,2!#&JNN5&H78W~P&
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 #%
8HP& 3>%((5&0P&KP5&B)1($.*5&bP&KP5&NV*#*5&_P&;P5&o%(M$"'5&6P5&c1)'e.eA"'M$5&3P5&=)>%\5&cP5&L+1<%(25&
6P& 3P& ~& E>$<*1%5& =P& `H987aP& g1+C& C+>*.)>%1& J2A>+?*"A& (+V%1#'& #$,,*1*"($%($"?&
J2%1C%.+>+?A&,+1&S6;I&1*.*J(+1&')D(AJ*'P&40K!70*&VJ5&FRWR]P&
8[P& 6%$?%5&IP5&6+)1$*15&cP5&O)$"(+"5&QP5&0+)?*(5&BP5&c%>*'5&BP5&;*"$'5&BP5&Q>)*>5&3P5&-*"%1#5& KP&
6P5&3%>*%5&-P5&-*1<*"(5&;P&~&c$>>*'5&SP&`H98HaP&c&J1+(*$"W.+)J>*#&1*.*J(+1'5&%"&)"*^J>+$(*#&
%"$C%>&(+^$"&(%1?*('X&/^J>+1%($+"&+,&?1**"&C%CD%&<*"+C&,+1&"+<*>&#1)?&.%"#$#%(*'&%.($<*&
%?%$"'(&%#1*"+.*J(+1'P&40K!70*&OX5&7:RW]FP&
87P& L%D*1C%""5&/P5&I2"*1(WL$>?*15&cP5&B22%(V%>5&cP&-P&~&=*1*''5&QP&`8]:8aP&;*>%A*#&2%*C+>A($.&
%.($+"&+,&J%>A(+^$"P&c*"*1%>&.2%1%.(*1$'($.'P&O!078!/(O!0285'(;7+,&RNX5&7:8WFP&
8GP& L$>>*5& =P& `8]RGaP& N2*& 1*.*J(+1& ,+1& (*(1+#+(+^$"& %"#& '%^$(+^$"P& I& '(1).()1%>& 2AJ+(2*'$'P&
O!0285'(P&JO5&F8GWF8]P&
8FP& E>$<*1%5&=P&6P& `8]]RaP&:0*%'&<*"+C&J*J($#*'5&1*.*J(+1&%"#& $+"&.2%""*>& (%1?*('&%"#&#1)?&
#*'$?"X& &G9&C$>>$+"&A*%1'&+,&"*)1+J2%1C%.+>+?A&`/P/P& K)'(&Q*.()1*5&8]]FaP&R01(O!01(:#11&V5&
H898WH89]P&
8RP& B%2%>%"5&6P&;P& `8]RGaP&6+#$,$.%($+"&+,& '+#$)C&.2%""*>&?%($"?& $"& ,1+?&CA*>$"%(*#&"*1<*&
,$D1*'&DA&B*"(1)1+$#*'&'.)>J()1%()'&'.+1J$+"&<*"+CP&P(<85'!01&KNN5&G88W[7P&
8:P& b+JJ*"2+,*15&/P&~&-.2C$#(5&LP&`8]F:aP&l/,,*.(&+,&'.+1J$+"&<*"+C&+"&$+"$.&.)11*"('&+,&(2*&
"+#*&+,&0%"<$*1P&!!P&!".+CJ>*(*&'+#$)C&$"%.($<%($+"mP&<J1%-#&'(;&78&MWM5&8G9WF8P&
8]P& b+JJ*"2+,*15&/P&~&-.2C$#(5&LP&`8]F:aP&l/,,*.(&+,&'.+1J$+"&<*"+C&+"&$+"$.&.)11*"('&+,&(2*&
"+#*&+,&0%"<$*1P&!P&N2*&J*1C*%D$>$($*'&3S%&%"#&3bmP&<J1%-#&'(;&78&MWM5&8[[W7]P&
H9P& I>%D$5&IP&IP5&=%2%C+"#*5&6P&!P5&K)"?5&LP&KP5&b$C5&KP&!P&~&-V%1(e5&bP&KP&`H99RaP&3+1(%D$>$(A&+,&
J%##>*&C+($,&,)".($+"&%"#&J2%1C%.+>+?A&$"&<+>(%?*&'*"'+1'P&Q,+%&#&NOW5&[R9WGP&
H8P& B2%M1%J%"$5&-P5&B)*>>+5&QP&cP5&B+1(*'5&;P&6P&~&3*1+e+5&/P&`H99:aP&-(1).()1%>&#A"%C$.'&+,&%"&
$'+>%(*#&<+>(%?*W'*"'+1&#+C%$"&$"&%&>$J$#&D$>%A*1P&6+&%7+%&#&JR5&[]:W79]P&
HHP& K$%"?5&vP5&Q**5&IP5&B2*"5&KP5&0)(%5&_P5&B%#*"*5&6P5&B2%$(5&=P&NP&~&6%.b$""+"5&0P&`H99[aP&fW1%A&
'(1).()1*&+,&%&<+>(%?*W#*J*"#*"(&bZ&.2%""*>P&Q,+%&#&NKM5&[[W78P&
H[P& Q+"?5&-P&=P5&N%+5&fP5&B%CJD*>>5&/P&=P&~&6%.b$""+"5&0P&`H99RaP&I(+C$.&'(1).()1*&+,&%&<+>(%?*W
#*J*"#*"(&bZ&.2%""*>&$"&%&>$J$#&C*CD1%"*W>$M*&*"<$1+"C*"(P&Q,+%&#&NOW5&[RFW:HP&
H7P& -V%1(e5&bP&KP&`H99:aP&-*"'$"?&<+>(%?*&%.1+''&>$J$#&C*CD1%"*'P&Q,+%&#&NOR5&:]8WRP&
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 #&
HGP& -V%1(e5& bP& KP& `H99RaP& N%1%"()>%& (+^$"'& $"(*1%.($"?& V$(2& <+>(%?*& '*"'+1'& $"& J+(%''$)C&
.2%""*>'P&40K!70*&NX5&H8[W[9P&
HFP& c%1.$%5&6P& QP5&L%""*15&6P5& b"%)'5&LP&cP5& b+.25& 0P5& -.2C%>2+,*15&oP5& ->%)?2(*15& 0P& -P&~&
b%.e+1+V'M$5&cP&KP&`8]]RaP&32%1C%.+>+?A&+,&J+(%''$)C&.2%""*>'P&;?>,*7#'(!*(28,&/,7010-5&
MX5&7HGWR8P&
HRP& 6%.b$""+"5&0P& `8]]8aP&;*(*1C$"%($+"&+,& (2*&')D)"$(&'(+$.2$+C*(1A&+,&%&<+>(%?*W%.($<%(*#&
J+(%''$)C&.2%""*>P&Q,+%&#&MOW5&H[HWGP&
H:P& L$#%>?+5& 3P& ~& 6%.b$""+"5& 0P& `8]]GaP& 0*<*%>$"?& (2*& %1.2$(*.()1*& +,& %& bZ& .2%""*>& J+1*&
(21+)?2&C)(%"(&.A.>*'&V$(2&%&J*J($#*&$"2$D$(+1P&67!#*7#&KRV5&[9RW89P&
H]P& ;$+.2+(5& -P& ~& Q%e#)"'M$5& 6P& `H99]aP& -*%& %"*C+"*& (+^$"'& %,,*.($"?& J+(%''$)C& .2%""*>'P&
<&0-&#''(!*(/01#7%1,&(,*?('%=7#11%1,&(=!010-5&NR5&]]W8HHP&
[9P& L%1<*A5& IP& QP& `H998aP& NV*"(A& A*%1'& +,& #*"#1+(+^$"'P& 40K!70*( M( 0JJ!7!,1( S0%&*,1( 0J( +8#(
I*+#&*,+!0*,1(607!#+5(0*(40K!*010-5&MX5&8GWHFP&
[8P& o*%(2*1%>>5&bP&QP5&c++#.2$>#5&-P&KP5&K%"*5&;P&/P&~&6%11$+"5&SP&_P&`H989aP&-C%>>&.+"#).(%".*&
.%>.$)CW%.($<%(*#&J+(%''$)C&.2%""*>'X&,1+C&'(1).()1*&(+&,)".($+"P&<&0-&#''(!*(*#%&0=!010-5&
XJ5&H7HWGGP&
[HP& L+"C%5&NP&~&-2$+C$5&bP&`H99FaP&3*J($#*&(+^$"'&$"&'*%&%"*C+"*'X&'(1).()1%>&%"#&,)".($+"%>&
%'J*.('P&R,&!*#(=!0+#78*010-5&V5&8W89P&
[[P& 6$>>*15&BP5&6+.eA#>+V'M$5&/P5&Q%(+11*5&0P&~&32$>>$J'5&6P& `8]:GaP&B2%1AD#+(+^$"5&%&J1+(*$"&
$"2$D$(+1& +,& '$"?>*&B%HZW%.($<%(*#&bZ& .2%""*>'& ,1+C&C%CC%>$%"& 'M*>*(%>&C)'.>*P&Q,+%&#&
MJM5&[8FW:P&
[7P& I"#*1'+"5& BP& -P5&6%.b$""+"5& 0P5& -C$(25& BP&~&6$>>*15& BP& `8]::aP& B2%1AD#+(+^$"& D>+.M& +,&
'$"?>*&B%HZW%.($<%(*#&bZ&.2%""*>'P&/,,*.('&+,&.2%""*>&?%($"?5&<+>(%?*5&%"#&$+"$.&'(1*"?(2P&P(
.#*(<85'!01&XJ5&[8RW[[P&
[GP& 6%.b$""+"5& 0P& ~& 6$>>*15& BP& `8]::aP& 6*.2%"$'C& +,& .2%1AD#+(+^$"& D>+.M& +,& (2*& 2$?2W
.+"#).(%".*5&B%HZW%.($<%(*#&bZ&.2%""*>P&P(.#*(<85'!01&XJ5&[[GW7]P&
[FP& 3%1M5&BP&-P&~&6$>>*15&BP&`8]]HaP&!"(*1%.($+"&+,&.2%1AD#+(+^$"&V$(2&J*1C*%"(&$+"'&$"'$#*&(2*&
J+1*&+,&%&bZ&.2%""*>P&Q#%&0*&X5&[9RW8[P&
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 #'
[RP& c%1.$%5&6P&QP5&c%1.$%WB%><+5&6P5&L$#%>?+5&3P5&Q**5&IP&~&6%.b$""+"5&0P&`8]]7aP&3)1$,$.%($+"&
%"#& .2%1%.(*1$e%($+"& +,& (21**& $"2$D$(+1'& +,& <+>(%?*W#*J*"#*"(&bZ& .2%""*>'& ,1+C&Q*$)1)'&
T)$"T)*'(1$%()'&<%1P&2*D1%*)'&<*"+CP&O!078#/!'+&5&MM5&F:[7W]P&
[:P& 6$>>*15&BP&`8]]GaP&N2*&.2%1AD#+(+^$"&,%C$>A&+,&bZ&.2%""*>WD>+.M$"?&J*J($#*'P&Q#%&0*&JO5&GW
89P&
[]P& =%"*1\**5&IP5&Q**5&IP5&B%CJD*>>5&/P&~&6%.M$""+"5&0P& `H98[aP&-(1).()1*&+,&%&J+1*WD>+.M$"?&
(+^$"&$"&.+CJ>*^&V$(2&%&*)M%1A+($.&<+>(%?*W#*J*"#*"(&b`Za&.2%""*>P&#$!J#&K5&*99G]7P&
79P& Q%"?*5&IP5&c$>>*15&bP5&L+1"$?5&-P5&6%1($"W/%).>%$1*5&6P&gP5&3+"?'5&EP5&=*.M*15&-P&~&=%>#)'5&6P&
`H99FaP&N+^$"W$"#).*#&.+",+1C%($+"%>&.2%"?*'&$"&%&J+(%''$)C&.2%""*>&1*<*%>*#&DA&'+>$#W
'(%(*&S60P&Q,+%&#&NNW5&]G]WFHP&
78P& -V%1(e5&bP& KP&~&6%.b$""+"5&0P& `8]]RaP&6%JJ$"?& (2*& 1*.*J(+1& '$(*& ,+1&2%"%(+^$"5&%&?%($"?&
C+#$,$*1&+,&<+>(%?*W#*J*"#*"(&bZ&.2%""*>'P&Q#%&0*&JV5&FRGW:HP&
7HP& -V%1(e5& bP& KP& ~& 6%.b$""+"5& 0P& `8]]RaP& L%"%(+^$"& C+#$,$*'& (2*& ?%($"?& +,& %& <+>(%?*W
#*J*"#*"(&bZ&.2%""*>&(21+)?2&C)>($J>*&D$"#$"?&'$(*'P&Q#%&0*&JV5&FFGWR[P&
7[P& 32$>>$J'5&QP&0P5&6$>*'.)5&6P5&Q$W-C*1$"5&vP5&6$"#*>>5& KP&IP5&b$C5&KP& !P&~&-V%1(e5&bP& KP&`H99GaP&
_+>(%?*W'*"'+1&%.($<%($+"&V$(2&%&(%1%"()>%&(+^$"&%'&.%1?+P&Q,+%&#&NMR5&:GRWF9P&
77P& =*e%"$>>%5&gP&~&-(*,%"$5&/P&`8]]:aP&c%($"?&.)11*"('P&R#+80?'(A*T5/01&KXM5&[[8WGHP&
7GP& Q**5&LP&BP5&o%"?5&KP&6P&~&-V%1(e5&bP&KP&`H99[aP&!"(*1%.($+"&D*(V**"&*^(1%.*>>)>%1&L%"%(+^$"&
%"#&(2*&1*'($"?&.+",+1C%($+"&+,&(2*&<+>(%?*W'*"'+1&J%##>*&$"&b<&.2%""*>'P&Q#%&0*&NW5&GHRW
[FP&
7FP& Q$W-C*1$"5&vP&~&-V%1(e5&bP&KP&`8]]:aP&c%($"?&C+#$,$*1&(+^$"'&1*<*%>&%&.+"'*1<*#&'(1).()1%>&
C+($,&$"&<+>(%?*W?%(*#&B%HZ&%"#&bZ&.2%""*>'P&<&07(Q,+1(;7,?(67!(U(6(;&XO5&:G:GW]P&
7RP& Q$W-C*1$"5& vP& ~& -V%1(e5& bP& KP& `H999aP& Q+.%>$e%($+"& %"#& C+>*.)>%1& #*(*1C$"%"('& +,& (2*&
L%"%(+^$"&1*.*J(+1'&+"&(2*&<+>(%?*W'*"'$"?&#+C%$"'&+,&%&b`Za&.2%""*>P&P(.#*(<85'!01&JJO5&
FR[W:7P&
7:P& 0)(%5& _P& ~& 6%.b$""+"5& 0P& `H997aP& Q+.%>$e%($+"& +,& (2*& <+>(%?*W'*"'+1& (+^$"& 1*.*J(+1& +"&
b<I3P&O!078#/!'+&5&NM5&899R8W]P&
AC
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ED
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ACCEPTED MANUSCRIPT
 #(
7]P& K)"?5&LP&KP5&Q**5&KP&vP5&b$C5&-P&LP5&/)5&vP&KP5&-2$"5&-P&vP5&6$>*'.)5&6P5&-V%1(e5&bP&KP&~&b$C5&KP&!P&
`H99GaP&-+>)($+"&'(1).()1*&%"#& >$J$#&C*CD1%"*&J%1($($+"$"?&+,&_-N^85&%"& $"2$D$(+1&+,& (2*&
b<I3&J+(%''$)C&.2%""*>P&O!078#/!'+&5&NN5&F98GWH[P&
G9P& 6$>*'.)5&6P5&=+'C%"'5&gP5&Q**5&-P5&I>%D$5&IP&IP5&b$C5&KP&!P&~&-V%1(e5&bP&KP&`H99]aP&!"(*1%.($+"'&
D*(V**"&>$J$#'&%"#&<+>(%?*&'*"'+1&J%##>*'&#*(*.(*#&V$(2&(%1%"()>%&(+^$"'P&Q,+(6+&%7+(R01(
O!01&JR5&89:9WGP&
G8P& 6$>*'.)5&6P5&_+D*.MA5&KP5&0+25&-P&LP5&b$C5&-P&LP5&K)"?5&LP&KP5&b$C5&KP&!P&~&-V%1(e5&bP&KP&`H99RaP&
N%1%"()>%&(+^$"'&$"(*1%.(&V$(2&<+>(%?*&'*"'+1'&V$(2$"&>$J$#&C*CD1%"*'P&P(.#*(<85'!01&JMW5&
7]RWG88P&
GHP& N%M%2%'2$5&LP5&b$C5&KP& !P5&6$"5&LP&KP5&-%(+5&bP5&-V%1(e5&bP& KP&~&-2$C%#%5&!P& `H999aP&-+>)($+"&
'(1).()1*&+,&2%"%(+^$"85& %&?%($"?&C+#$,$*1&+,&<+>(%?*W#*J*"#*"(&b`Za& .2%""*>'X& .+CC+"&
')1,%.*&,*%()1*'&+,&?%($"?&C+#$,$*1&(+^$"'P&P(R01(O!01&KXT5&RR8W:9P&
G[P& o%"?5& KP&6P5&0+25& -P&LP5&b$C5& -P5&Q**5&BP&oP5&b$C5& KP& !P&~&-V%1(e5&bP& KP& `H997aP&6+>*.)>%1&
')1,%.*&+,&(%1%"()>%&(+^$"'&$"(*1%.($"?&V$(2&<+>(%?*&'*"'+1'&$"&b`<a&.2%""*>'P&P(.#*(<85'!01&
JKM5&7GGWFRP&
G7P& =+'C%"'5&gP5&6%1($"W/%).>%$1*5&6P&gP&~&-V%1(e5&bP&KP&`H99:aP&;*.+"'(1).($"?&<+>(%?*&'*"'+1&
,)".($+"&%"#&J2%1C%.+>+?A&$"&'+#$)C&.2%""*>'P&Q,+%&#&NOR5&H9HW:P&
GGP& 6$##>*(+"5&0P&/P5&o%11*"5&_P&IP5&b1%)'5&0P&QP5&LV%"?5&KP&BP5&Q$)5&BP&KP5&;%$5&cP5&=1+.2)5&0P&
6P5&b+2>*15&6P&cP5&c%+5&vP&;P5&c%1'MA5&_P&6P5&=+?)'MA5&6P& KP5&6*2>5& KP&NP5&B+2*"5&BP& KP&~&
-C$(25& 6P& 6P& `H99HaP& NV+& (%1%"()>%& J*J($#*'& $"2$D$(& %.($<%($+"& +,& C)>($J>*& '+#$)C&
.2%""*>'P&O!078#/!'+&5&NJ5&87R[7W7RP&
GFP& /#?*1(+"5& cP& =P5& =>)C*"(2%>5& bP& ~&L%".M5& ;P& `H99RaP&6+#$,$.%($+"& +,& ?%($"?& M$"*($.'& $"&
B%<[P8&DA&(2*&(%1%"()>%&(+^$"&31+N^!!P&O!0285'(P5&F98%WF98%P&
GRP& Q$)5& 3P5& K+5& -P&~&=*%"5& =P& 3P& `H98HaP&6+#)>%($+"&+,& "*)1+"%>& '+#$)C& .2%""*>'& DA& (2*& '*%&
%"*C+"*&J*J($#*&=;-W!P&P0%&*,1(0J(*#%&0285'!010-5&JWT5&[8GGWFRP&
G:P& c+>#$"5&IP&QP5&=%1.2$5&0P&QP5&B%>#V*>>5&KP&LP5&L+,C%""5&gP5&L+V*5&KP&0P5&L)"(*15&KP&BP5&b%>>*"5&
0P&cP5&6%"#*>5&cP5&6*$'>*15&6P&LP5&S*((*15&vP&=P5&S+#%5&6P5&N%CM)"5&6P&6P5&o%^C%"5&-P&cP5&
o++#5& KP&SP&~&B%((*1%>>5&oP&IP& `H999aP&S+C*".>%()1*&+,&<+>(%?*W?%(*#& '+#$)C&.2%""*>'P&
Q#%&0*&KV5&[FGW:P&
AC
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ACCEPTED MANUSCRIPT
 #)
G]P& B%CJ+'5& gP& _P5& B2%"#%5& =P5& =*$1%+5& 3P& -P& ~& =*e%"$>>%5& gP& `H99:aP& I>J2%W'.+1J$+"& (+^$"&
$CJ%$1'&%&.+",+1C%($+"%>&.2%"?*&(2%(&>*%#'&(+&,%'(&$"%.($<%($+"&+,&C)'.>*&'+#$)C&.2%""*>'P&
P(.#*(<85'!01&JMK5&HG8WF[P&
F9P& B2%5&IP5&0)D*"5&3P&BP5&c*+1?*5&IP&QP5&K1P5&g)\$C+(+5&/P&~&=*e%"$>>%5&gP&`8]]]aP&_+>(%?*&'*"'+1'&
$"&#+C%$"'&!!!&%"#&!_5&D)(&"+(&!&%"#&!!5&%1*&$CC+D$>$e*#&DA&S%Z&.2%""*>&,%'(&$"%.($<%($+"P&
Q#%&0*&KK5&R[W:RP&
F8P& B2%"#%5&=P&~&=*e%"$>>%5&gP&`H99HaP&N1%.M$"?&<+>(%?*W#*J*"#*"(&.+",+1C%($+"%>&.2%"?*'&$"&
'M*>*(%>&C)'.>*&'+#$)C&.2%""*>&#)1$"?&%.($<%($+"P&P(.#*(<85'!01&JKW5&FH]W7GP&
FHP& L+1"5&0P5&;$"?5&-P&~&c1)D*15&LP&KP&`H999aP&!CC+D$>$e$"?&(2*&C+<$"?&J%1('&+,&<+>(%?*W?%(*#&
$+"&.2%""*>'P&P(.#*(<85'!01&JJR5&7F8WRFP&
F[P& -2**('5&6P&gP5&bA>*5&KP&oP&~&L%".M5&;P&IP&`H999aP&N2*&1+>*&+,&(2*&J)(%($<*&$"%.($<%($+"&>$#&$"&
'+#$)C&.2%""*>&?%($"?&.)11*"(&$CC+D$>$e%($+"P&P(.#*(<85'!01&JJO5&F9]WH9P&
F7P& -2**('5&6P& gP5&bA>*5& KP&oP5&b%>>*"5&0P&cP&~&L%".M5&;P&IP& `8]]]aP& N2*&S%& .2%""*>& <+>(%?*&
'*"'+1&%''+.$%(*#&V$(2&$"%.($<%($+"&$'&>+.%>$e*#&(+&(2*&*^(*1"%>&.2%1?*#&1*'$#)*'&+,&#+C%$"&
!_5&-7P&O!0285'(P&TT5&R7RWGRP&
FGP& 3%A%"#*25&KP5&c%C%>&/>W;$"5&NP&6P5&-.2*)*15&NP5&r2*"?5&SP&~&B%((*1%>>5&oP&IP&`H98HaP&B1A'(%>&
'(1).()1*&+,&%&<+>(%?*W?%(*#&'+#$)C&.2%""*>& $"& (V+&J+(*"($%>>A& $"%.($<%(*#&'(%(*'P&Q,+%&#&
NVR5&8[GW]P&
FFP& 3%A%"#*25& KP5& -.2*)*15&NP5&r2*"?5&SP&~&B%((*1%>>5&oP&IP& `H988aP&N2*&.1A'(%>& '(1).()1*&+,&%&
<+>(%?*W?%(*#&'+#$)C&.2%""*>P&Q,+%&#&NTO5&[G[W:P&
FRP& -2%A%5& ;P5& g$"#*$'*"5& gP5& ID#*1*C%"*WI>$5& gP5& I11$?+"$5& BP5& o+"?5& -P5& S)1<%5& -P& 0P5&
Q+)''+)%1"5&cP&~&6$"+15&;P&QP5&K1P&`H987aP&-(1).()1*&+,&%&J1+M%1A+($.&'+#$)C&.2%""*>&J+1*&
1*<*%>'& *''*"($%>& ?%($"?& *>*C*"('& %"#& %"& +)(*1& $+"& D$"#$"?& '$(*& .+CC+"& (+& *)M%1A+($.&
.2%""*>'P&P(R01(O!01&NKR5&7FRW:[P&
F:P& r2%"?5& fP5& 0*"5& oP5& ;*B%*"5& 3P5& v%"5& BP5& N%+5& fP5& N%"?5& QP5& o%"?5& KP5& L%'*?%V%5& bP5&
b)C%'%M%5&NP5&L*5&KP5&B>%J2%C5&;P&/P&~&v%"5&SP&`H98HaP&B1A'(%>&'(1).()1*&+,&%"&+1(2+>+?)*&
+,&(2*&S%B2=%.&<+>(%?*W?%(*#&'+#$)C&.2%""*>P&Q,+%&#&NVR5&8[9W7P&
F]P& L+#?M$"5&IP&QP&~&L)^>*A5&IP&gP&`8]GHaP&N2*&#)%>&*,,*.(&+,&C*CD1%"*&J+(*"($%>&+"&'+#$)C&
.+"#).(%".*&$"&(2*&?$%"(&%^+"&+,&Q+>$?+P&P(<85'!01&JJR5&7]RWG9FP&
AC
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PT
ED
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ACCEPTED MANUSCRIPT
 #*
R9P& L+#?M$"5&IP&QP&~&L)^>*A5&IP&gP& `8]GHaP&B)11*"('& .%11$*#&DA& '+#$)C&%"#&J+(%''$)C& $+"'&
(21+)?2&(2*&C*CD1%"*&+,&(2*&?$%"(&%^+"&+,&Q+>$?+P&P(<85'!01&JJR5&77]WRHP&
R8P& g)1)M%V%5& NP5& -%'%+M%5& NP& ~& L+'+A%5& vP& `8]G]aP& /,,*.('& +,& (*(1+#+(+^$"& +"& (2*&
"*)1+C)'.)>%1&\)".($+"P&P,2,*#'#(P(<85'&X5&87[WGHP&
RHP& S%1%2%'2$5&NP5&I"#*1'+"5&SP&~&6++1*5&KP&`8]FRaP&B+CJ%1$'+"&+,&(*(1+#+(+^$"&%"#&J1+.%$"*&
$"&$"(*1"%>>A&J*1,)'*#&'T)$#&?$%"(&%^+"'P&P(.#*(<85'!01&OW5&878[W87H:P&
R[P& S%1%2%'2$5& NP5& 6++1*5& KP& oP& ~& -.+((5& oP& 0P& `8]F7aP& N*(1+#+(+^$"& =>+.M%?*& +,& -+#$)C&
B+"#).(%".*&!".1*%'*&$"&Q+D'(*1&c$%"(&I^+"'P&P(.#*(<85'!01&NT5&]FGWR7P&
R7P& o++#V%1#5&0P&`8]F7aP&N2*&'(1).()1*&+,&(*(1+#+(+^$"P&<%&#(;221"(:8#/&X5&7]WR7P&
RGP& I?"*V5&oP&-P5&Q*<$"'+"5&-P&0P5&=1%D'+"5& KP& -P&~&0%,(*1A5&6P&IP& `8]R:aP&3)1$,$.%($+"&+,& (2*&
(*(1+#+(+^$"WD$"#$"?& .+CJ+"*"(& %''+.$%(*#& V$(2& (2*& <+>(%?*W'*"'$($<*& '+#$)C& .2%""*>&
,1+C&/>*.(1+J2+1)'&*>*.(1$.)'&*>*.(1+J>%^&C*CD1%"*'P&<&07(Q,+1(;7,?(67!(U(6(;&TO5&HF9FW89P&
RFP& 6$>>*15& KP5& I?"*V5& oP& ~& Q*<$"'+"5& -P& `8]:[aP& 31$".$J%>& ?>A.+J*J($#*& +,& (2*&
(*(1+#+(+^$"d'%^$(+^$"&D$"#$"?&J1+(*$"&,1+C&/>*.(1+J2+1)'&*>*.(1$.)'X&$'+>%($+"&%"#&J%1($%>&
.2*C$.%>&%"#&J2A'$.%>&.2%1%.(*1$e%($+"P&O!078#/!'+&5&KK5&7FHW7R9P&
RRP& =%1.2$5& 0P5& B+2*"5& -P& ~& 6)1J2A5& QP& `8]:9aP& 3)1$,$.%($+"& ,1+C& 1%(& '%1.+>*CC%& +,& (2*&
'%^$(+^$"WD$"#$"?&.+CJ+"*"(&+,& (2*&*^.$(%D>*&C*CD1%"*& '+#$)C&.2%""*>P&<&07(Q,+1(;7,?(
67!(U(6(;&TT5&8[9FW8[89P&
R:P& L%1('2+1"*5&0P&~&B%((*1%>>5&oP&`8]:8aP&3)1$,$.%($+"&+,&(2*&'%^$(+^$"&1*.*J(+1&+,&(2*&'+#$)C&
.2%""*>&,1+C&1%(&D1%$"P&<&07(Q,+1(;7,?(67!(U(6(;&TV5&7FH9W7FH7P&
R]P& L%1('2+1"*5&0P5&6*''"*15&;P5&B+JJ*1'C$(25&KP&~&B%((*1%>>5&oP&`8]:HaP&N2*&'%^$(+^$"&1*.*J(+1&
+,&(2*&'+#$)C&.2%""*>&,1+C&1%(&D1%$"P&/<$#*".*&,+1&(V+&"+"$#*"($.%>&D*(%&')D)"$('P&P(O!01(
:8#/&KOT5&8[:::W8[:]8P&
:9P& L+*2"*5&IP5&=*2*1%5&;P5&3%1'+"'5&oP&LP5&K%C*'5&6P&QP5&-2*"5&=P5&=+1?+2%$"5&3P5&=+#%J%($5&;P5&
31%D2%M%15&IP5&c%CD2$15&-P&-P5&v*+C%"'5&;P&BP5&=$'V%>5&-P5&B2$"5&gP&NP&~&;)&=+$'5&KP&`H98[aP&I&
8:gW>%D*>*#& '%^$(+^$"& #*1$<%($<*& ,+1& $"& <$<+& 3/NW60& $C%?$"?& +,& <+>(%?*W?%(*#& '+#$)C&
.2%""*>&*^J1*''$+"&,+>>+V$"?&"*1<*&$"\)1AP&P(;/(:8#/(607&JMO5&8:98HWGP&
AC
CE
PT
ED
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ACCEPTED MANUSCRIPT
 $+
:8P& E"#1)'5&IP&/P5&Q**5&LP&QP5&!V%"%?%5&-P5&3%1'+"'5&oP&LP5&I"#1*'*"5&=P&6P5&6+*1"*15&oP&/P&~&
;)& =+$'5& KP& `H98HaP& g>)+1*'.*"(& '%^$(+^$"'& ,+1& >$<*& .*>>& $C%?$"?& +,& '$"?>*& <+>(%?*W?%(*#&
'+#$)C&$+"&.2%""*>'&D*A+"#&(2*&+J($.%>&#$,,1%.($+"&>$C$(P&:8#/!'+&5(V(=!010-5&JX5&]9HW8HP&
:HP& Q*,,>*15& IP5& L*1e+?5& 0P& !P5& ;$DWL%\\5& -P& ;P5& o%^C%"5& -P& cP& ~& B)CC$"'5& NP& 0P& `H99GaP&
32%1C%.+>+?$.%>&J1+J*1($*'&+,&"*)1+"%>&NNfW1*'$'(%"(&'+#$)C&.2%""*>'&%"#&(2*&1+>*&+,&%&
.1$($.%>&'*1$"*&J+1*&1*'$#)*P&<J1%-#&'(;&78!>&NOJ5&7G7WF[P&
:[P& Q$JM$"#5&cP&~& g+ee%1#5&LP& `8]]7aP&I& '(1).()1%>&C+#*>& +,& (2*& (*(1+#+(+^$"& %"#& '%^$(+^$"&
D$"#$"?&'$(*&+,&(2*&S%Z&.2%""*>P&O!0285'(P&RR5&8W8[P&
:7P& -$<$>+(($5& QP5& EM)'*5& bP5& IM+J$%"5&IP& SP5&6+''5& -P& ~&o++#5& KP& SP& `8]]RaP& I& '$"?>*& '*1$"*&
1*'$#)*& .+",*1'& (*(1+#+(+^$"& $"'*"'$($<$(A& +"& (2*& 1%(& '*"'+1AW"*)1+"W'J*.$,$.& '+#$)C&
.2%""*>&-S-P&WAO6(1#++#&'&NWX5&7]WGHP&
:GP& -%"(%1*>>$5& _P& 3P5& /%'(V++#5&IP& QP5&;+)?2*1(A5&;P&IP5&L+1"5& 0P&~&I2*1"5&BP&IP& `H99RaP&I&
.%($+"WJ$& $"(*1%.($+"& #$'.1$C$"%(*'& %C+"?& '+#$)C& .2%""*>'& (2%(& %1*& *$(2*1& '*"'$($<*& +1&
1*'$'(%"(&(+&(*(1+#+(+^$"&D>+.MP&P(O!01(:8#/&KVK5&:977WG8P&
:FP& Q$JM$"#5&cP&6P&~&g+ee%1#5&LP&IP&`H99:aP&_+>(%?*W?%(*#&S%&.2%""*>&'*>*.($<$(AX&(2*&1+>*&+,&
(2*&.+"'*1<*#&#+C%$"&!!!&>A'$"*&1*'$#)*P&P(.#*(<85'!01&JMJ5&GH[W]P&
:RP& N*1>%)5&LP5&L*$"*C%""5&-P5&-(2C*15&oP5&3)'.25&6P5&B+"($5&gP5&!C+(+5&bP&~&S)C%5&-P&`8]]8aP&
6%JJ$"?&(2*&'$(*&+,&D>+.M&DA&(*(1+#+(+^$"&%"#&'%^$(+^$"&+,&'+#$)C&.2%""*>&!!P&WAO6(1#++#&'&
KXM5&][W]FP&
::P& 6%1($"W/%).>%$1*5&6P&gP&~&B+)1%)#5&gP& `8]]HaP&670&2!0*(*#%&0+0K!*'M(#JJ#7+'(,*?(/#78,*!'/'P&
L%"#MP&S*)1+(+^$.+>+?A&`B2%"?5&QP&oP&~&;A*15&0P&-P5&/#'Pa5&6%1.*>W;*MM*15&S*V&v+1MP&
:]P& K+<*15& /P5& 6%1($"W6+)(+(5& SP5& B+)1%)#5& gP& ~& 0+.2%(5& LP& `8]R:aP& -.+1J$+"& (+^$"X& 'J*.$,$.&
D$"#$"?&(+&1%(&'A"%J(+'+C*'P&O!078#/(O!0285'(X#'(:0//&VO5&[RRW[:HP&
]9P& B+)1%)#5&gP5&K+<*15&/P5&;)D+$'5&KP&~&0+.2%(5&LP&`8]:HaP&NV+&(AJ*'&+,&'.+1J$+"&1*.*J(+1&'$(*'5&
+"*&1*>%(*#& (+& (2*&%.($<%($+"5& (2*&+(2*1& (+& (2*& $"%.($<%($+"&+,& (2*&%.($+"&J+(*"($%>&'+#$)C&
.2%""*>P&40K!70*&KW5&]W8FP&
]8P& N*\*#+15& gP& ~& B%((*1%>>5& oP& `8]::aP& -$(*& +,& .+<%>*"(& %((%.2C*"(& +,& %>J2%W'.+1J$+"& (+^$"&
#*1$<%($<*'&$"&#+C%$"&!&+,&(2*&'+#$)C&.2%""*>&%>J2%&')D)"$(P&<&07(Q,+1(;7,?(67!(U(6(;&VO5&
:R7HW:R7FP&
AC
CE
PT
ED
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ACCEPTED MANUSCRIPT
 $!
]HP& N2+C'*"5&oP&~&B%((*1%>>5&oP& `8]:]aP& Q+.%>$e%($+"& +,& (2*& 1*.*J(+1& '$(*& ,+1& %>J2%W'.+1J$+"&
(+^$"'&DA&%"($D+#A&C%JJ$"?X&$CJ>$.%($+"'&,+1&'+#$)C&.2%""*>&(+J+>+?AP&<&07(Q,+1(;7,?(67!(
U(6(;&VR5&898F8W898FGP&
][P& 0+?*1'5&KP5&O)5&vP5&N%"%#%5&NP5&-.2*)*15&NP&~&B%((*1%>>5&oP&`8]]FaP&6+>*.)>%1&#*(*1C$"%"('&+,&
2$?2& %,,$"$(A& D$"#$"?& +,& %>J2%W'.+1J$+"& (+^$"& %"#& '*%& %"*C+"*& (+^$"& $"& (2*& -[W-7&
*^(1%.*>>)>%1&>++J&$"&#+C%$"&!_&+,&(2*&S%Z&.2%""*>&%>J2%&')D)"$(P&P(O!01(:8#/&KTJ5&8G]G9W
8G]FHP&
]7P& o%"?5&KP5&v%1+<Wv%1+<+A5&_P5&b%2"5&0P5&c+1#+"5&;P5&c)1*<$(e5&6P5&-.2*)*15&NP&~&B%((*1%>>5&
oP&`H988aP&6%JJ$"?&(2*&1*.*J(+1&'$(*&,+1&%>J2%W'.+1J$+"&(+^$"'&+"&%&S%Z&.2%""*>&<+>(%?*&
'*"'+1P&<&07(Q,+1(;7,?(67!(U(6(;&JWV5&8G7HFW8G7[8P&
]GP& B%CJ+'5& gP5& B+1+"%'5& gP& ~& =*$1+5& 3P& `H997aP& _+>(%?*W#*J*"#*"(& #$'J>%.*C*"(& +,& (2*&
'.+1J$+"&(+^$"&N'[&,1+C&'+#$)C&.2%""*>'&%"#&$('&$CJ>$.%($+"&+"&(2*&.+"(1+>&+,&$"%.($<%($+"P&
O&!+!'8(S0%&*,1(0J(28,&/,7010-5&JNK5&888GW88HHP&
]FP& Q*$J+>#5&/P5&=+1?*'5&IP&~&L*$"*C%""5&-P&LP& `H98HaP&-.+1J$+"&D*(%W(+^$"&$"(*1,*1*".*&V$(2&
S%_&.2%""*>&<+>(%?*&'*"'+1&?$<*'&1$'*&(+&*^.$(%(+1A&%"#&#*J1*''%"(&C+#*'P&P(.#*(<85'!01&
JMX5&[9GW8]P&
]RP& 6%1.+((*5&3P5&B2*"5&QP&OP5&b%>>*"5&0P&cP&~&B2%2$"*5&6P&`8]]RaP&/,,*.('&+,&N$(A)'&'*11)>%()'&
'.+1J$+"&(+^$"&?%CC%&+"&<+>(%?*W?%(*#&S%Z&.2%""*>'P&:!&7(X#'&VW5&[F[W]P&
]:P& B*'(>*5&-P5&O)5&vP5&0+?*1'5&KP5&0+.2%(5&LP5&-.2*)*15&NP&~&B%((*1%>>5&oP&`8]]:aP&_+>(%?*&'*"'+1W
(1%JJ$"?X&*"2%".*#&%.($<%($+"&+,&'+#$)C&.2%""*>'&DA&D*(%W'.+1J$+"&(+^$"&D+)"#&(+&(2*&-[W
-7&>++J&$"&#+C%$"&!!P&Q#%&0*&KJ5&]8]W][8P&
]]P& B*'(>*5& -P5& v%1+<Wv%1+<+A5& _P5& O)5& vP5& -%CJ$*1$5& gP5& -.2*)*15& NP& ~& B%((*1%>>5&oP& `H99FaP&
-(1).()1*&%"#&,)".($+"&+,&(2*&<+>(%?*&'*"'+1&+,&'+#$)C&.2%""*>'&J1+D*#&DA&%&D*(%W'.+1J$+"&
(+^$"P&P(O!01(:8#/&KVJ5&H8[[HWH8[77P&
899P& =+'C%"'5& gP& ~& -V%1(e5& bP& KP& `H989aP& N%1?*($"?& <+>(%?*& '*"'+1'& $"& '+#$)C& .2%""*>'&V$(2&
'J$#*1&(+^$"'P&4&#*?'(!*(28,&/,7010-!7,1('7!#*7#'&MJ5&8RGW8:HP&
898P& o%"?5&6P5&;$%+5&KP5&Q$5&KP5&N%"?5&KP5&Q$"5&vP5&L)5&oP5&r2%"?5&vP5&f$%+5&vP&~&Q$%"?5&-P&`H99:aP&
KrNfW!_5& %& )"$T)*& %.$#$.& '+#$)C& .2%""*>& (+^$"& $'+>%(*#& ,1+C& (2*& 'J$#*1& B2$>+D1%.2A'&
\$"?e2%+P&40K!70*&OK5&:R8W:9P&
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ED
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ACCEPTED MANUSCRIPT
 $#
89HP& B+1e+5&cP5&-%D+5&KP&bP5&=+'C%"'5&gP5&=$>>*"5&=P5&_$>>*?%'5&/P5&NA(?%(5&KP&~&S+1(+"5&0P&-P&`H99RaP&
-+>)($+"& '(1).()1*& %"#& %>%"$"*& '.%"& +,& %& 'J$#*1& (+^$"& (2%(& %,,*.('& (2*& %.($<%($+"& +,&
C%CC%>$%"&<+>(%?*W?%(*#&'+#$)C&.2%""*>'P&P(O!01(:8#/&KVK5&7F7[WGHP&
89[P& =+'C%"'5& gP5& 3)+J+>+5& 6P5& 6%1($"W/%).>%$1*5& 6P& gP5& =*%"5& =P& 3P& ~& -V%1(e5& bP& KP& `H988aP&
g)".($+"%>&J1+J*1($*'&%"#&(+^$"&J2%1C%.+>+?A&+,&%&#+1'%>&1++(&?%"?>$+"&'+#$)C&.2%""*>&
<$*V*#&(21+)?2&$('&<+>(%?*&'*"'+1'P&P(.#*(<85'!01&JMV5&G]WRHP&
897P& -.2C%>2+,*15&oP&IP5&B%>2+)"5&KP5&=)11+V'5&0P5&=%$>*A5&NP5&b+2>*15&6P&cP5&o*$"?>%''5&IP&=P5&
b%.e+1+V'M$5& cP& KP5& c%1.$%5& 6P& QP5& b+>(e*"D)1?5& 6P& ~& 31$*'(5& =P& NP& `H99:aP& 31+N^W!!5& %&
'*>*.($<*& $"2$D$(+1& +,& S%_8PR& '+#$)C& .2%""*>'5& D>+.M'& %.($+"& J+(*"($%>& J1+J%?%($+"& $"&
"+.$.*J(+1'P&R01(<8,&/,701&TN5&87RFW:7P&
89GP& f$%+5&vP5&=$"?2%C5& KP&3P5&r2)5&oP5&6+.eA#>+V'M$5&/P5&Q$%"?5&-P&~&B)CC$"'5&NP&0P& `H99:aP&
N%1%"()>%&2)V*"(+^$"W!_&$"2$D$('&"*)1+"%>&'+#$)C&.2%""*>'&DA&D$"#$"?&(+&1*.*J(+1&'$(*&7&
%"#& (1%JJ$"?& (2*& #+C%$"& $$& <+>(%?*& '*"'+1& $"& (2*& .>+'*#& .+",$?)1%($+"P& P( O!01( :8#/& KVM5&
HR[99W8[P&
89FP& f$%+5& vP5& =>)C*"(2%>5& bP5& K%.M'+"5& KP& EP5& H"#5& Q$%"?5& -P& ~& B)CC$"'5& NP& 0P& `H989aP& N2*&
(%1%"()>%& (+^$"'& 31+N^W!!& %"#& 2)V*"(+^$"W!_& #$,,*1*"($%>>A& $"(*1%.(&V$(2& 2)C%"&S%<8PR&
<+>(%?*&'*"'+1'&(+&$"2$D$(&.2%""*>&%.($<%($+"&%"#&$"%.($<%($+"P&R01(<8,&/,701&TV5&88H7W[7P&
89RP& f$%+5& vP5& K%.M'+"5& KP& EP5& H"#5& Q$%"?5& -P& ~& B)CC$"'5& NP& 0P& `H988aP& B+CC+"& C+>*.)>%1&
#*(*1C$"%"('& +,& (%1%"()>%& 2)V*"(+^$"W!_& $"2$D$($+"& +,& S%Z& .2%""*>& <+>(%?*& '*"'+1'& $"&
#+C%$"'&!!&%"#&!_P&P(O!01(:8#/&KVR5&HR[98W89P&
89:P& B%((*1%>>5&oP&IP& `H988aP&_+>(%?*W?%(*#&.%>.$)C&.2%""*>'P&:01?(62&!*-(@,&=(<#&'2#7+(O!01&M5&
%99[]7RP&
89]P& N'$*"5&0P&oP5&Q$J'.+CD*5&;P5&6%#$'+"5&;P5&=>*A5&bP&~&g+^5&IP&`8]]GaP&0*,>*.($+"'&+"&B%`HZaW
.2%""*>&#$<*1'$(A5&8]::W8]]7P&4&#*?'(!*(*#%&0'7!#*7#'&JV5&GHW7P&
889P& ;+>J2$"5& IP& BP& `H99]aP& B%>.$)C& .2%""*>& #$<*1'$(AX& C)>($J>*& 1+>*'& +,& .%>.$)C& .2%""*>&
')D)"$('P&:%&&#*+(02!*!0*(!*(*#%&0=!010-5&JX5&H[RW77P&
888P& -$CC'5& =P& IP& ~& r%CJ+"$5& cP& oP& `H987aP& S*)1+"%>& <+>(%?*W?%(*#& .%>.$)C& .2%""*>'X&
'(1).()1*5&,)".($+"5&%"#&#A',)".($+"P&Q#%&0*&VK5&H7W7GP&
AC
CE
PT
ED
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IPT
ACCEPTED MANUSCRIPT
 $$
88HP& B%((*1%>>5&oP&IP5&3*1*eW0*A*'5&/P5&-")(.25&NP&3P&~&-(1$*''"$?5&KP&`H99GaP&!"(*1"%($+"%>&@"$+"&
+,&32%1C%.+>+?AP&fQ_!!!P&S+C*".>%()1*&%"#&'(1).()1*W,)".($+"&1*>%($+"'2$J'&+,&<+>(%?*W
?%(*#&.%>.$)C&.2%""*>'P&<8,&/,701(X#>&OT5&788WHGP&
88[P& L+,C%""5& gP5& g>+.M*1e$5& _P5& b%2>5& -P& ~& o*?*"*15& KP& oP& `H987aP& QW(AJ*& B%_8PH& .%>.$)C&
.2%""*>'X&,1+C&$"&<$(1+&,$"#$"?'&(+&$"&<$<+&,)".($+"P&<85'!01(&#>&XN5&[9[WHFP&
887P& B2*+"?5& /P& ~& -2$"5& LP& -P& `H98[aP& NW(AJ*& B%HZ& .2%""*>'& $"& "+1C%>& %"#& %D"+1C%>& D1%$"&
,)".($+"'P&<85'!01(&#>&XM5&]F8W]HP&
88GP& Q$J'.+CD*5&;P5&I>>*"5&-P&/P&~&N+1+5&BP&3P&`H98[aP&B+"(1+>&+,&"*)1+"%>&<+>(%?*W?%(*#&.%>.$)C&
$+"&.2%""*>'&,1+C&0SI&(+&J1+(*$"P&4&#*?'(!*(Q#%&0'7!#*7#'&MR5&G]:WF9]P&
88FP& g*11A5&;P&0P&~&c>+''C%""5&LP&`8]:HaP&!#*"($,$.%($+"&+,&J)(%($<*&.%>.$)C&.2%""*>'&$"&'M*>*(%>&
C)'.>*&C$.1+'+C*'P&WAO6(1#++#&'&JNV5&[[8WRP&
88RP& 0*)(*15&LP&`8]:[aP&B%>.$)C&.2%""*>&C+#)>%($+"&DA&"*)1+(1%"'C$((*1'5&*"eAC*'&%"#&#1)?'P&
Q,+%&#&MWJ5&GF]WR7P&
88:P& g>+.M*1e$5&_P5&E*M*"5&LP& KP5&L+,C%""5&gP5&3*>e*15&;P5&B%<%>$*5&IP&~&N1%)(V*$"5&oP& `8]:FaP&
3)1$,$*#& #$2A#1+JA1$#$"*WD$"#$"?& '$(*& ,1+C& 'M*>*(%>& C)'.>*& (W()D)>*'& $'& %& ,)".($+"%>&
.%>.$)C&.2%""*>P&Q,+%&#&MKM5&FFW:P&
88]P& 6.B>*'M*A5&/P&oP5&g+^5&IP&3P5&g*>#C%"5&;P&LP5&B1)e5&QP& KP5&E>$<*1%5&=P&6P5&N'$*"5&0P&oP&~&
v+'2$M%C$5&;P&`8]:RaP&EC*?%W.+"+(+^$"X&#$1*.(&%"#&J*1'$'(*"(&D>+.M%#*&+,&'J*.$,$.&(AJ*'&+,&
.%>.$)C&.2%""*>'&$"&"*)1+"'&D)(&"+(&C)'.>*P&<&07(Q,+1(;7,?(67!(U(6(;&VN5&7[HRW[8P&
8H9P& E>$<*1%5&=P&6P5&6.!"(+'25&KP&6P5&B1)e5&QP&KP5&Q)T)*5&gP&IP&~&c1%A5&oP&0P&`8]:7aP&3)1$,$.%($+"&
%"#&'*T)*".*&+,&%&J1*'A"%J($.&J*J($#*&(+^$"&,1+C&B+")'&?*+?1%J2)'&<*"+CP&O!078#/!'+&5&
KM5&G9:RW]9P&
8H8P& E>$<*1%5& =P& 6P5& B1)e5& QP& KP5& #*& -%"(+'5& _P5& Q*B2*C$"%"(5& cP&oP5& c1$,,$"5& ;P5& r*$M)'5& 0P5&
6.!"(+'25& KP& 6P5& c%>A*%"5& 0P5& _%1?%5& KP5& c1%A5&oP& 0P& ~& *(& %>P& `8]:RaP& S*)1+"%>& .%>.$)C&
.2%""*>& %"(%?+"$'('P& ;$'.1$C$"%($+"& D*(V**"& .%>.$)C& .2%""*>& ')D(AJ*'& )'$"?& +C*?%W
.+"+(+^$"&,1+C&B+")'&C%?)'&<*"+CP&O!078#/!'+&5&KR5&H9:FW]9P&
8HHP& B1)e5&QP&KP&~&E>$<*1%5&=P&6P&`8]:FaP&B%>.$)C&.2%""*>&%"(%?+"$'('P&EC*?%W.+"+(+^$"&#*,$"*'&
%&"*V&2$?2&%,,$"$(A&'$(*P&P(O!01(:8#/&KRJ5&FH[9W[P&
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ACCEPTED MANUSCRIPT
 $%
8H[P& o$>>$%C'5&6P&/P5&=1)'(5&3P&gP5&g*>#C%"5&;P&LP5&3%((2$5&-P5&-$C*1'+"5&-P5&6%1+),$5&IP5&6.B)*5&
IP& gP5& _*>$.*>*D$5& cP5& />>$'5& -P& =P& ~& L%1J+>#5& 6P& 6P& `8]]HaP& -(1).()1*& %"#& ,)".($+"%>&
*^J1*''$+"&+,&%"&+C*?%W.+"+(+^$"W'*"'$($<*&2)C%"&SW(AJ*&.%>.$)C&.2%""*>P&67!#*7#&KOT5&
[:]W]GP&
8H7P& o$>>$%C'5&6P&/P5& g*>#C%"5&;P&LP5&6.B)*5&IP&gP5&=1*""*15&0P5&_*>$.*>*D$5&cP5&/>>$'5& -P&=P&~&
L%1J+>#5&6P&6P&`8]]HaP&-(1).()1*&%"#&,)".($+"%>&*^J1*''$+"&+,&%>J2%&85&%>J2%&H5&%"#&D*(%&
')D)"$('&+,&%&"+<*>&2)C%"&"*)1+"%>&.%>.$)C&.2%""*>&')D(AJ*P&Q#%&0*&V5&R8W:7P&
8HGP& />>$"+15&3P&NP5&r2%"?5&KP&gP5&L+1"*5&oP&IP&~&N'$*"5&0P&oP&`8]]7aP&-(1).()1%>&#*(*1C$"%"('&+,&
(2*&D>+.M%#*&+,&SW(AJ*&.%>.$)C&.2%""*>'&DA&%&J*J($#*&"*)1+(+^$"P&Q,+%&#&MTK5&HRHWGP&
8HFP& g*"?5&rP&3P5&L%C$#5&KP5&;+*1$"?5&BP5&=+'*A5&cP&6P5&-")(.25&NP&3P&~&r%CJ+"$5&cP&oP&`H998aP&
0*'$#)*&c>A8[HF&+,&(2*&SW(AJ*&.%>.$)C&.2%""*>&%>J2%&8=&')D)"$(&.+"(1+>'&1*<*1'$D$>$(A&+,&
+C*?%W.+"+(+^$"&c_!I&%"#&6_!!I&D>+.MP&48#(P0%&*,1(0J(=!010-!7,1(78#/!'+&5&KTR5&8GRH:W[GP&
8HRP& -(+.M*15&KP&oP5&S%#%'#$5&QP5&I>#1$.25&0P&oP&~&N'$*"5&0P&oP&`8]]RaP&31*,*1*"($%>&$"(*1%.($+"&+,&
+C*?%W.+"+(+^$"'&V$(2&$"%.($<%(*#&SW(AJ*&B%HZ&.2%""*>'P&P(Q#%&0'7!&JT5&[99HW8[P&
8H:P& =+>%"#5&QP&6P5&6+11$>>5&KP&IP&~&=*%"5&=P&3P&`8]]7aP&+C*?%WB+"+(+^$"&D>+.M&+,&SW(AJ*&.%>.$)C&
.2%""*>'&$"&,1+?&%"#&1%(&'ACJ%(2*($.&"*)1+"'P&P(Q#%&0'7!&JN5&G988WHRP&
8H]P& Q$%"?5&LP&~&/>C'>$*5&bP&-P&`H99HaP&0%J$#&%"#&1*<*1'$D>*&D>+.M&+,&SW(AJ*&.%>.$)C&.2%""*>'&
`B%_&HPHa&DA&+C*?%W.+"+(+^$"&c_!I&$"&(2*&%D'*".*&+,&#$<%>*"(&.%($+"'P&P(Q#%&0'7!&KK5&:::7W
]9P&
8[9P& 6.;+"+)?25& -P& !P5& =+>%"#5& QP&6P5&6$"(e5& !P&6P&~& =*%"5& =P& 3P& `H99HaP& !"(*1%.($+"'& %C+"?&
(+^$"'& (2%(& $"2$D$(&SW(AJ*& %"#& 3W(AJ*& .%>.$)C& .2%""*>'P&48#( P0%&*,1( 0J( -#*#&,1( 285'!010-5&
JJX5&[8[WH:P&
8[8P& K+"*'5& QP& 3P5& ;*6%1$%5& BP& ;P& ~& v)*5& ;P& NP& `8]]]aP& SW(AJ*& .%>.$)C& .2%""*>& $"%.($<%($+"&
J1+D*#&DA&?%($"?W.)11*"(&%"%>A'$'P&O!0285'!7,1(S0%&*,1&TR5&HG[9WGHP&
8[HP& v%1+('MAA5& _P& ~& />C'>$*5& bP& -P& `H99]aP& +C*?%WB+"+(+^$"& c_!I& I>(*1'& c%($"?& B2%1?*&
6+<*C*"(&+,&SWNAJ*&`B%_HPHa&B%>.$)C&B2%""*>'P&P0%&*,1(0J(*#%&0285'!010-5&JWJ5&[[HW[79P&
8[[P& 31$"?+'5&/P5&_$?"*'5&6P5&6%1($"*e5& KP&~&0+>>%"#5&_P&`H988aP&3*J($#*&"*)1+(+^$"'&(2%(&%,,*.(&
<+>(%?*W?%(*#&.%>.$)C&.2%""*>'X&%&.>+'*W)J&+"&+C*?%W%?%(+^$"'P&40K!*'&M5&8RW7HP&
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ACCEPTED MANUSCRIPT
 $&
8[7P& Q>$"%'5&0P&~&v%1+C5&vP&`8]:8aP&31+J*1($*'&%"#&#$'(1$D)($+"&+,&$+"$.&.+"#).(%".*'&?*"*1%($"?&
*>*.(1+1*'J+"'$<*"*''&+,&C%CC%>$%"&$",*1$+1&+>$<%1A&"*)1+"*'&$"&<$(1+P&P(<85'!01&MJO5&GF]W
:7P&
8[GP& Q>$"%'5& 0P& 0P5& -)?$C+1$5& 6P& ~& B2*1M'*A5& =P& `8]:]aP& _+>(%?*W#*J*"#*"(& .%>.$)C&
.+"#).(%".*'&$"&C%CC%>$%"&"*)1+"'P&N2*&3&.2%""*>P&;**(Q(Y(;7,?(67!&ORW5&89[W88P&
8[FP& L$>>A%1#5& ;P& 0P5&6+"\*5& _P& ;P5&6$"(e5& !P&6P5& =*%"5& =P& 3P5& S%#%'#$5& QP5& 0%C%.2%"#1%"5& KP5&
6$>\%"$.25&cP5&Ie$C$Wr++"++e5&IP5&6.!"(+'25&KP&6P5&B1)e5&QP&KP&~&*(&%>P&`8]]HaP&I&"*V&B+")'&
J*J($#*&>$?%"#&,+1&C%CC%>$%"&J1*'A"%J($.&B%HZ&.2%""*>'P&Q#%&0*&X5&F]WRRP&
8[RP& 6$"(e5&!P&6P5&I#%C'5&6P&/P&~&=*%"5&=P&3P&`8]]HaP&3W(AJ*&.%>.$)C&.2%""*>'&$"&1%(&.*"(1%>&%"#&
J*1$J2*1%>&"*)1+"'P&Q#%&0*&X5&:GW]GP&
8[:P& 6$"(e5&!P&6P5&_*"*C%5&_P&KP5&-V$#*1*M5&bP&6P5&Q**5&NP&;P5&=*%"5&=P&3P&~&I#%C'5&6P&/P&`8]]HaP&
3W(AJ*&.%>.$)C&.2%""*>'&D>+.M*#&DA&(2*&'J$#*1&(+^$"&+C*?%WI?%W!_IP&Q,+%&#&MOO5&:HRW]P&
8[]P& 0%"#%>>5&IP&~&N'$*"5&0P&oP& `8]]GaP&32%1C%.+>+?$.%>&#$''*.($+"&+,&C)>($J>*& (AJ*'&+,&B%HZ&
.2%""*>&.)11*"('&$"&1%(&.*1*D*>>%1&?1%")>*&"*)1+"'P&P(Q#%&0'7!&JO5&H]]GW[98HP&
879P& 6./"*1A5&6P&oP5& -"+VC%"5&IP&6P5& -2%1J5&IP&LP5&I#%C'5&6P&/P&~& -"A#*15& -P&LP& `8]]8aP&
3)1$,$*#& +C*?%W.+"+(+^$"& c_!I& 1*.*J(+1& +,& 1%(& D1%$"& 1*'*CD>*'& %& #$2A#1+JA1$#$"*W
'*"'$($<*&QW(AJ*&.%>.$)C&.2%""*>P&<&07(Q,+1(;7,?(67!(U(6(;&VV5&889]GW]P&
878P& 6%1($"W6+)(+(5& SP5& Q*<*T)*5& BP5& -%(+5& bP5& b%(+5& 0P5& N%M%2%'2$5&6P& ~& -*%?%15&6P& `8]]GaP&
31+J*1($*'&+,&+C*?%&.+"+(+^$"&6_!!B&1*.*J(+1'&%''+.$%(*#&V$(2&%>J2%&8I&.%>.$)C&.2%""*>&
')D)"$('&$"&1%(&D1%$"P&WAO6($#++&MRR5&H8WGP&
87HP& o$(.2*15&;P&0P5&;*&o%%1#5&6P5&Q$)5&LP5&31%?"*>>5&6P&~&B%CJD*>>5&bP&3P&`8]]GaP&I''+.$%($+"&
+,&"%($<*&B%HZ&.2%""*>&D*(%&')D)"$('&V$(2& (2*&%>J2%&8&')D)"$(& $"(*1%.($+"&#+C%$"P& P(O!01(
:8#/&KTW5&8:9::W][P&
87[P& Q$J'.+CD*5&;P5&3%"5&KP&OP&~&c1%A5&IP&BP&`H99HaP&g)".($+"%>&#$<*1'$(A& $"&"*)1+"%>&<+>(%?*W
?%(*#&.%>.$)C&.2%""*>'&DA&%>(*1"%($<*&'J>$.$"?&+,&B%`<a%>J2%8P&R01(Q#%&0=!01&KR5&H8W77P&
877P& =+)1$"*(5&/P5&-++"?5&NP&oP5&-)((+"5&bP5&->%AC%M*15&-P5&6%(2*V'5&/P5&6+"(*$>5&IP5&r%CJ+"$5&
cP&oP5& S%1?*+(5& KP& ~& -")(.25& NP& 3P& `8]]]aP& -J>$.$"?& +,& %>J2%& 8I& ')D)"$(& ?*"*& ?*"*1%(*'&
J2*"+(AJ$.&<%1$%"('&+,&3W&%"#&OW(AJ*&.%>.$)C&.2%""*>'P&Q,+(Q#%&0'7!&K5&79RW8GP&
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87GP& L%"'5&6P5&@11)($%5&IP5&;*%>5&BP5&=1)'(5&3P&gP5&-(%)#*1C%"5&bP5&/>>$'5&-P&=P5&L%1J+>#5&6P&6P5&
K+2"'+"5&/P&BP&~&o$>>$%C'5&6P&/P& `8]]]aP&-(1).()1%>&*>*C*"('& $"&#+C%$"&!_&(2%(& $",>)*".*&
D$+J2A'$.%>& %"#&J2%1C%.+>+?$.%>&J1+J*1($*'&+,&2)C%"&%>J2%8IW.+"(%$"$"?&2$?2W<+>(%?*W
%.($<%(*#&.%>.$)C&.2%""*>'P&O!0285'!7,1(S0%&*,1&TR5&8[:7W799P&
87FP& o$"(*1,$*>#5& KP&0P&~&-V%1(e5&bP& KP& `H999aP&I&2+(&'J+(&,+1&(2*&$"(*1%.($+"&+,&?%($"?&C+#$,$*1&
(+^$"'&V$(2&<+>(%?*W#*J*"#*"(&$+"&.2%""*>'P&48#(P0%&*,1(0J(-#*#&,1(285'!010-5&JJR5&F[RW77P&
87RP& N')"*C$5& NP5& -%*?)'%5& LP5& !'2$M%V%5& bP5& S%?%A%C%5& -P5&6)1%M+'2$5& NP5&6$e)'%V%5&LP& ~&
N%"%D*5&NP&`H99HaP&S+<*>&B%<HP8&'J>$.*&<%1$%"('&$'+>%(*#&,1+C&3)1M$"\*&.*>>'&#+&"+(&?*"*1%(*&
3W(AJ*&B%HZ&.)11*"(P&P(O!01(:8#/&KTT5&RH87WH8P&
87:P& 6*1C*>'(*$"5&3P&cP5&g+*21$"?5&0P&BP5&NM%(.25&NP5&-+"?5&oP&KP5&=%1%"%)'M%'5&cP&~&-)1C*$*15&;P&
KP& `8]]]aP& 31+J*1($*'& +,& OW(AJ*& .%>.$)C& .2%""*>'& $"& "*+'(1$%(%>& %"#& .+1($.%>& "*)1+"'& %1*&
.+11*>%(*#&V$(2&D*(%&')D)"$(&*^J1*''$+"P&P(Q#%&0'7!&JX5&RHF:WRRP&
87]P& 6.;+"+)?25& -P& !P5& Q%CJ*5& 0P& IP5& b*$(25& 0P& IP& ~& =*%"5& =P& 3P& `8]]RaP& _+>(%?*W#*J*"#*"(&
$"2$D$($+"&+,&SW&%"#&3W(AJ*&.%>.$)C&.2%""*>'&DA& (2*&J*J($#*& (+^$"&+C*?%W?1%CC+(+^$"W
-!IP&R01(<8,&/,701&OK5&89]GW897P&
8G9P& =+)1$"*(5&/P5&-(+(e5&-P&BP5&-J%*(?*"'5&0P&QP5&;%A%"$(2$5&cP5&Q*C+'5&KP5&S%1?*+(5&KP&~&r%CJ+"$5&
cP&oP&`H998aP&!"(*1%.($+"&+,&-Sf7:H&V$(2&#+C%$"'&!!!&%"#&!_&$"2$D$('&%.($<%($+"&?%($"?&+,&
%>J2%`8/a&`B%`_aHP[a&.%>.$)C&.2%""*>'P&O!0285'(P&VJ5&R]W::P&
8G8P& B2)%"?5&0P&-P5&K%,,*5&LP5&B1$DD'5&QP5&3*1*eW0*A*'5&/P&~&-V%1(e5&bP&KP& `8]]:aP&!"2$D$($+"&+,&NW
(AJ*&<+>(%?*W?%(*#&.%>.$)C&.2%""*>'&DA&%&"*V&'.+1J$+"&(+^$"P&Q,+(Q#%&0'7!&J5&FF:WR7P&
8GHP& Q**5&BP&oP5& =%*5&BP5& Q**5& KP5& 0A)5& KP&LP5&b$C5&LP&LP5&b+2"+5& NP5& -V%1(e5&bP& KP&~&b$C5& KP& !P&
`H98HaP&-+>)($+"&'(1).()1*&+,&M)1(+^$"X&%&?%($"?&C+#$,$*1&'*>*.($<*&,+1&B%<[&<+>(%?*W?%(*#&
B%`HZa&.2%""*>'P&O!078#/!'+&5&OJ5&8:FHWR[P&
8G[P& /#?*1(+"5& cP& =P5& =>)C*"(2%>5& bP&6P& ~&L%".M5& ;P& IP& `H989aP& !"2$D$($+"& +,& (2*& %.($<%($+"&
J%(2V%A&+,&(2*&NW(AJ*&.%>.$)C&.2%""*>&B%`_a[P8&DA&31+N^!!P&40K!70*&OR5&FH7W[FP&
8G7P& E2M)D+5& NP5& v%C%e%M$5& KP& ~& b$(%C)1%5& bP& `H989aP& N%1%"()>%& (+^$"& 31+N^W!& #$,,*1*"($%(*'&
D*(V**"&2)C%"&NW(AJ*&<+>(%?*W?%(*#&B%HZ&B2%""*>'&B%<[P8&%"#&B%<[PHP& P(<8,&/,701(67!&
JJK5&7GHW:P&
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8GFP& 0%C'*A5&!P&-P5&;*>>$"?5&6P&~&B>%J2%C5&;P&/P&`H99FaP&I"&$"(1+#).($+"&(+&N03&.2%""*>'P&;**%(
X#>(<85'!01&RV5&F8]W7RP&
8GRP& S$>$)'5&=P5&N%>%<*1%5&bP5&EV'$%"$M5&cP5&31*"*"5&KP5&;1++?C%"'5&cP&~&_+*('5&NP&`H99GaP&c%($"?&
+,&N03&.2%""*>'X&%&<+>(%?*&.+""*.($+"}&P(<85'!01&ORT5&[GW77P&
8G:P& b%>$%5& KP& ~& -V%1(e5& bP& KP& `H98[aP& /^J>+1$"?& '(1).()1*W,)".($+"& 1*>%($+"'2$J'& D*(V**"& N03&
%"#&b<&.2%""*>'P&67!(X#2&M5&8GH[P&
8G]P& =%*eWS$*(+5&;P5&B%'($>>+5&KP&3P5&;1%?$.*<$.5&BP5&I><%1*e5&EP&~&Q%(+11*5&0P&`H988aP&N2*1C+WN03&
.2%""*>'X&D$+J2A'$.'&+,&J+>AC+#%>&1*.*J(+1'P&;?>(AK2(R#?(O!01&TWN5&7F]W]9P&
8F9P& ;2%M%5& IP5& _$'V%"%(25& _P& ~& 3%(%J+)($%"5& IP& `H99FaP& N1J& $+"& .2%""*>'& %"#& (*CJ*1%()1*&
'*"'%($+"P&;**%(X#>(Q#%&0'7!&KX5&8[GWF8P&
8F8P& -%>%(5&bP5&6+"$.e*V'M$5&IP&~&Q$D1+V'M$5&NP&`H98[aP&N1%"'$*"(&1*.*J(+1&J+(*"($%>&.2%""*>'&W&
*C*1?$"?&"+<*>&#1)?&(%1?*('&,+1&(2*&(1*%(C*"(&+,&J%$"P&:%&&(R#?(:8#/&KW5&879]W[FP&
8FHP& K)>$)'5&;P&`H98[aP&N03&.2%""*>'&%"#&J%$"P&;**%(X#>(:#11(G#>(O!01&KX5&[GGW:7P&
8F[P& B%(*1$"%5&6P&KP5&-.2)C%.2*15&6P&IP5&N+C$"%?%5&6P5&0+'*"5&NP&IP5&Q*<$"*5&KP&;P&~&K)>$)'5&;P&
`8]]RaP&N2*& .%J'%$.$"& 1*.*J(+1X& %&2*%(W%.($<%(*#& $+"& .2%""*>& $"& (2*&J%$"&J%(2V%AP&Q,+%&#&
MVX5&:8FWH7P&
8F7P& K+1#(5&-P&/P&~&K)>$)'5&;P&`H99HaP&6+>*.)>%1&D%'$'&,+1&'J*.$*'W'J*.$,$.&'*"'$($<$(A&(+&2+(&.2$>$&
J*JJ*1'P&:#11&JWV5&7H8W[9P&
8FGP& -$*C*"'5&KP5&r2+)5&-P5&3$'M+1+V'M$5&0P5&S$M%$5&NP5&Q)CJM$"5&/P&IP5&=%'D%)C5&IP&!P5&b$"?5&;P&~&
K)>$)'5& ;P& `H99FaP& -J$#*1& (+^$"'& %.($<%(*& (2*& .%J'%$.$"& 1*.*J(+1& (+& J1+#).*& $",>%CC%(+1A&
J%$"P&Q,+%&#&NNN5&H9:W8HP&
8FFP& =%*5&BP5&b%>$%5&KP5&-+"?5&!P5&v)5&KP5&b$C5&LP&LP5&-V%1(e5&bP& KP&~&b$C5&KP& !P& `H98HaP&L$?2&A$*>#&
J1+#).($+"&%"#&1*,+>#$"?&+,&(2*&#+)D>*WM"+(&(+^$"5&%"&%.($<%(+1&+,&N03_8&.2%""*>'P&<$06(
Z*#&T5&*G8G8FP&
8FRP& Q$%+5& 6P5& B%+5& /P5& K)>$)'5& ;P& ~& B2*"?5& vP& `H98[aP& -(1).()1*& +,& (2*& N03_8& $+"& .2%""*>&
#*(*1C$"*#&DA&*>*.(1+"&.1A+WC$.1+'.+JAP&Q,+%&#&OWN5&89RW8HP&
8F:P& =*e%"$>>%5&gP&`H99:aP&L+V&C*CD1%"*&J1+(*$"'&'*"'*&<+>(%?*P&Q,+(X#>(R01(:#11(O!01&X5&[H[W[HP&
8F]P& S$>$)'5&=P5&IJJ*"#$"+5&cP&~&EV'$%"$M5&cP&`H98HaP&N2*&(1%"'$*"(&1*.*J(+1&J+(*"($%>&.2%""*>&
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8R9P& =%)($'(%5& ;P& 6P5& 3*>>*?1$"+5& 6P& ~& N')"+e%M$5& 6P& `H98[aP& N03I8X& I& ?%(*M**J*1& ,+1&
$",>%CC%($+"P&;**%(X#>(<85'!01&TO5&8:8WH99P&
8R8P& =%)($'(%5&;P&6P5&K+1#(5&-P&/P5&S$M%$5&NP5&N')1)#%5&3P&0P5&0*%#5&IP&KP5&3+D>*(*5&KP5&v%C+%25&/P&SP5&
=%'D%)C5& IP& !P& ~& K)>$)'5& ;P& `H99FaP& N03I8& C*#$%(*'& (2*& $",>%CC%(+1A& %.($+"'& +,&
*"<$1+"C*"(%>&$11$(%"('&%"#&J1+%>?*'$.&%?*"('P&:#11&JKN5&8HF]W:HP&
8RHP& =%)($'(%5&;P&6P5&6+<%2*#5&3P5&L$"C%"5&IP5&I^*>''+"5&LP&/P5&-(*1"*15&EP5&L+?*'(%((5&/P&;P5&
K)>$)'5&;P5&K+1#(5&-P&/P&~&rA?C)"(5&3P&6P&`H99GaP&3)"?*"(&J1+#).('&,1+C&?%1>$.&%.($<%(*&(2*&
'*"'+1A&$+"&.2%""*>&N03I8P&<&07(Q,+1(;7,?(67!(U(6(;&JWK5&8HH7:WGHP&
8R[P& =%"#*>>5&6P5&-(+1A5&cP&6P5&LV%"?5&-P&oP5&_$'V%"%(25&_P5&/$#5&-P&0P5&3*(1)'5&6P&KP5&/%1>*A5&NP&KP&
~& 3%(%J+)($%"5& IP& `H997aP& S+^$+)'& .+>#& $+"& .2%""*>& N03I8& $'& %.($<%(*#& DA& J)"?*"(&
.+CJ+)"#'&%"#&D1%#AM$"$"P&Q#%&0*&NJ5&:7]WGRP&
8R7P& 6%.J2*1'+"5&QP&KP5&c*$*1'(%"?*15&=P&LP5&_$'V%"%(25&_P5&=%"#*>>5&6P5&/$#5&-P&0P5&LV%"?5&-P&~&
3%(%J+)($%"5& IP& `H99GaP& N2*& J)"?*".A& +,& ?%1>$.X& %.($<%($+"& +,& N03I8& %"#& N03_8& $"&
1*'J+"'*&(+&%>>$.$"P&:%&&(O!01&JO5&]H]W[7P&
8RGP& -(+1A5&cP&6P5&3*$*15&IP&6P5&0**<*5&IP&KP5&/$#5&-P&0P5&6+'D%.2*15&KP5&L1$.$M5&NP&0P5&/%1>*A5&NP&KP5&
L*1?%1#*"5&IP&BP5&I"#*1''+"5&;P&IP5&LV%"?5& -P&oP5&6.!"(A1*5& 3P5& K*?>%5& NP5& =*<%"5& -P&~&
3%(%J+)($%"5&IP&`H99[aP&ISbN685&%&N03W>$M*&.2%""*>&*^J1*''*#&$"&"+.$.*J($<*&"*)1+"'5&$'&
%.($<%(*#&DA&.+>#&(*CJ*1%()1*'P&:#11&JJK5&:8]WH]P&
8RFP& L$>>5& bP& ~& -.2%*,*15& 6P& `H99RaP& N03I8& $'& #$,,*1*"($%>>A& C+#)>%(*#& DA& (2*& %CJ2$J%(2$.&
C+>*.)>*'&(1$"$(1+J2*"+>&%"#&.2>+1J1+C%e$"*P&P(O!01(:8#/&KVK5&R87GWG[P&
8RRP& c)$5& KP5& Q$)5& =P5& B%+5& cP5& Q$J.2$M5& IP& 6P5& 3*1*e5& 6P5& ;*M%"5& rP5& 6+D>$5& 6P5& ;%>A5& SP& QP5&
I>*V++#5&3P&gP5&3%1M*15&QP&QP5&b$"?5&cP&gP5&r2+)5&vP5&K+1#(5&-P&/P&~&S$(%D%.25&6P&SP&`H987aP&I&
N%1%"()>%W_*"+C&3*J($#*&I"(%?+"$e*'&(2*&N03I8&S+.$.*J(+1&!+"&B2%""*>&DA&=$"#$"?&(+&
(2*&-8W-7&c%($"?&;+C%$"P&:%&&(O!01&KN5&7R[W:[P&
8R:P& !D%"*eWN%>>+"5& !P5& o*"5& LP5& 6$V%5& KP& 6P5& f$"?5& KP5& N*M$"%A5& IP& =P5& E"+5& gP5& =1*2C5& 3P& ~&
L*$"(e5& SP& `H997aP& N*(2*1$"?& "%()1%>>A& +..)11$"?& J*J($#*& (+^$"'& ,+1& .*>>W%)(+"+C+)'&
C+#)>%($+"&+,&$+"&.2%""*>'&%"#&1*.*J(+1'&$"&<$<+P&Q#%&0*&NM5&[9GW88P&
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8R]P& o)5& vP5& B%+5& cP5& 3%<>$.*M5& =P5& Q)+5& fP& ~& S$(%D%.25& 6P& SP& `H99:aP& 32%'*& .+)J>$"?& +,& %&
.$1.%#$%"& "*)1+J*J($#*& V$(2& 1*'(d%.($<$(A& 12A(2C'& #*(*.(*#& )'$"?& %& C*CD1%"*W(*(2*1*#&
'J$#*1&(+^$"P&<$06(O!01&R5&*HR[P&
8:9P& 31+CC*15&/P& `H99FaP&r$.+"+($#*X&%&"*V&+J($+"& ,+1&1*,1%.(+1A&J%$"P&G&%-'(40?,5( [O,&7C&NK5&
[F]WR:P&
8:8P& _*((*15& !P5&;%<$'5& KP&QP5&0%'25&QP&;P5&I"%"?$5&0P5&6+D>$5&6P5&I>*V++#5&3P&gP5&Q*V$'5&0P& KP&~&
b$"?5&cP&gP&`H988aP&_*"+C$.'X&%&"*V&J%1%#$?C&,+1&"%()1%>&J1+#).('WD%'*#&#1)?&#$'.+<*1AP&
;/!*0(;7!?'&NW5&8GWH:P&
8:HP& b>$"(5& KP&bP5& -*",,5& -P5& -%*e5&SP& KP5& -*'2%#1$5&0P5& Q%)5&LP&vP5& =*"#*5&SP& -P5&@"#2*$C5&/P&IP5&
0%'25& QP& ;P5& 6+D>$5& 6P& ~& b$"?5& cP& gP& `H98[aP& 31+#).($+"& +,& 1*.+CD$"%"(& #$')>,$#*W1$.2&
<*"+C&J*J($#*'&,+1&'(1).()1%>&%"#&,)".($+"%>&%"%>A'$'&<$%&*^J1*''$+"&$"&(2*&J*1$J>%'C&+,&/P&
.+>$P&<$06(Z*#&V5&*F[:FGP&
8:[P& -.21+*#*15& BP& !P5& 0%'25& QP& ;P5& _$>%Wg%11*'5& fP5& 0+'*"?1*"5& bP& KP5& 6+D>$5& 6P5& b$"?5& cP& gP5&
I>*V++#5&3P&gP5&B1%$M5&;P&KP&~&;)1*M5&NP&`H987aP&B2*C$.%>&'A"(2*'$'5&[;&'(1).()1*5&%"#&I-!B&
D$"#$"?&'$(*&+,&(2*&(+^$"&C%CD%>?$"WHP&;*-#9,*?+#(:8#/!#&OM5&898RWH9P&
8:7P& N*1'(%JJ*"5&cP&BP5&0+".%1%($5&0P5&;)">+J5&KP&~&3*1$5&0P&`H989aP&-.1**"$"?&(*.2"+>+?$*'&,+1&$+"&
.2%""*>&#1)?&#$'.+<*1AP&W%+%&#(R#?(:8#/&K5&R8GW[9P&
8:GP& o$.M*"#*"5&IP5&31$*'(5&=P&~&/1#*C>$5&cP&`H98HaP&!+"&.2%""*>&#1)?&#$'.+<*1AX&.2%>>*"?*'&%"#&
,)()1*&#$1*.($+"'P&W%+%&#(R#?(:8#/&N5&FF8WR]P&
8:FP& c**5&bP&0P5&=1+V"5&bP&IP5&B2*"5&oP&SP5&=$'2+JW-(*V%1(5& KP5&c1%A5&;P&~& K+2"'+"5& !P& `H999aP&
B2*C$.%>&%"#&J2A'$+>+?$.%>&.2%1%.(*1$e%($+"&+,&,>)+W7&B%#.W$"#$.%(+1&#A*'P&:#11(:,17!%/&KT5&
]RW89FP&
8:RP& Q$)5&vP5&=*.M5&/P&KP&~&g>+1*'5&BP&6P&`H988aP&_%>$#%($+"&+,&%&J%(.2&.>%CJ&'.1**"$"?&J1+(+.+>&
(2%(& '$C)>(%"*+)'>A&C*%')1*'& .+CJ+)"#&%.($<$(A& $"&C)>($J>*& '(%(*'&+,& (2*&<+>(%?*W?%(*#&
'+#$)C&.2%""*>&S%78PHP&;'',5(,*?(G&%-(G#>#102/#*+(4#78*010-!#'&X5&FH:W[7P&
8::P& B)""$"?2%C5& =P& BP& ~& o*>>'5& KP& IP& `8]:]aP& L$?2W1*'+>)($+"& *J$(+J*& C%JJ$"?& +,& 2cLW
1*.*J(+1&$"(*1%.($+"'&DA&%>%"$"*W'.%""$"?&C)(%?*"*'$'P&67!#*7#&KNN5&89:8j89:GP&
8:]P& 0*<*>>5&KP&;P5&Q)"#5&3P&/P5&Q$">*A5&KP&/P5&6*(.%>,*5&KP5&=)1C*$'(*15&SP5&-1$#2%1%"5&-P5&K+"*'5&BP5&
K*1C)()'5&QP&~&=*#"%1*M5&6P&`H98[aP&3+(*".A&+J($C$e%($+"&+,&L)V*"(+^$"W!_&+"&2S%78PRX&
AC
CE
PT
ED
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 %+
I& "*)1+(+^$"& NNfW-& '+#$)CW.2%""*>& %"(%?+"$'(& ,1+C& (2*& <*"+C& +,& (2*& B2$"*'*& D$1#W
*%($"?&'J$#*1&6#1#*070'/!,(8%9#*,P&<#2+!?#'&NN5&79W7FP&
8]9P& 6%??$+5&gP&~&b$"?5&cP&gP&`H99HaP&-.%""$"?&C)(%?*"*'$'&+,&%&K%")'W,%.*#&%(1%.+(+^$"&1*<*%>'&
%&D$J%1($(*&')1,%.*&J%(.2&(2%(&$'&*''*"($%>&,+1&"*)1+(+^$.&,)".($+"P&P(O!01(:8#/&KTT5&HH:9FW8[P&
8]8P& N*#,+1#5&LP&oP5&c$>>*'5&SP5&6*"*e5&IP5&;+*1$"?5&BP&KP5&r%CJ+"$5&cP&oP&~&b$"?5&cP&gP&`H997aP&
-.%""$"?& C)(%?*"*'$'& +,& kW%(1%.+(+^$"WL<8%& 1*<*%>'& %& 'J%($%>>A& 1*'(1$.(*#& *J$(+J*& (2%(&
.+",*1'&'*>*.($<*&%.($<$(A&%?%$"'(&$"'*.(&.%>.$)C&.2%""*>'P&P(O!01(:8#/&KTX5&778[[W79P&
8]HP& =)>%\5& cP& `H99:aP& !"(*?1%($"?& (2*& #$'.+<*1A& J$J*>$"*& ,+1& "+<*>& .+CJ+)"#'& (%1?*($"?& $+"&
.2%""*>'P&:%&&#*+(02!*!0*(!*(78#/!7,1(=!010-5&JK5&778WRP&
8][P& -%>C$"*"5&EP5&;1%J*%)5&KP&IP5&6.!"(+'25&KP&6P5&B+>>$"'5&IP&BP5&6%1M'5&6P&KP&~&c1%#A5&-P&0P&
`H99RaP&32%1C%.+>+?A&+,&%>J2%W.+"+(+^$"&6!!W'*"'$($<*&')D(AJ*'&+,&"$.+($"$.&%.*(A>.2+>$"*&
1*.*J(+1'&$'+>%(*#&DA&D1**#$"?&+,&")>>&C)(%"(&C$.*P&R01(<8,&/,701&TJ5&8GF[WR8P&
8]7P& _$"M5&-P&~&I>*V++#5&3P&gP&`H98HaP&N%1?*($"?&<+>(%?*W?%(*#&.%>.$)C&.2%""*>'X&#*<*>+JC*"('&
$"& J*J($#*& %"#& 'C%>>WC+>*.)>*& $"2$D$(+1'& ,+1& (2*& (1*%(C*"(& +,& "*)1+J%(2$.& J%$"P& O&!+!'8(
S0%&*,1(0J(28,&/,7010-5&JRT5&]R9W:]P&
8]GP& B1%$M5& ;P& KP& ~& I#%C'5& ;P& KP& `H99RaP& B2*C$.%>& C+#$,$.%($+"& +,& .+"+(+^$"'& (+& $CJ1+<*&
'(%D$>$(A&%"#&%.($<$(AP&;:6(:8#/(O!01&K5&7GRWF:P&
8]FP& B%'(%*#%5&EP5& -+(+>+"?+5&_P5&IC+15&IP&6P5& -(.M>$"5&0P5&I"#*1'+"5&IP& KP5&L%1<*A5&IP& QP5&
/"?'(1C5& yP5& o*1"'(*#(5& BP& ~& b%1>''+"5& /P& `8]]GaP& B2%1%.(*1$e%($+"& +,& %& J+(%''$)C&
.2%""*>&(+^$"&,1+C&(2*&B%1$DD*%"&'*%&%"*C+"*&6+!780?,7+51,(8#1!,*+8%'P&40K!70*&MM5&F9[WF8[P&
8]RP& =**(+"5&BP5&o)>,,5&LP5&-(%"#$,*15&SP&/P5&Ie%C5&3P5&6)>>*"5&bP&6P5&3*""$"?(+"5&6P&oP5&b+>'M$W
I"#1*%.+5&IP5&o*$5& /P5&c1$"+5&IP5&B+)"('5&;P&0P5&o%"?5& 3P&LP5& Q**L*%>*A5&BP& KP5& =5& -P&IP5&
-%"M%1%"%1%A%"%"5& IP5& L+C*1$.M5& ;P5& 0+*.M5& oP& oP5& N*21%"e%#*25& KP5& -(%"2+J*5& bP& QP5&
r$C$"5&3P5&L%<*>5&3P&KP5&c1$,,*A5&-P5&b"%)'5&LP&cP5&S*J+C5&cP&NP5&c)(C%"5&cP&IP5&B%>%D1*'$5&3P&
IP&~&B2%"#A5& bP& cP& `H99FaP& b<8P[& .2%""*>'& %1*& %& (2*1%J*)($.& (%1?*(& ,+1& N& .*>>WC*#$%(*#&
%)(+$CC)"*&#$'*%'*'P&<&07(Q,+1(;7,?(67!(U(6(;&JWM5&8R787W]P&
8]:P& B2$5&_P5&3*""$"?(+"5&6P&oP5&S+1(+"5&0P&-P5&N%1.2%5&/P& KP5&Q+"#+"+5&QP&6P5&-$C'Wg%2*A5&=P5&
@J%#2A%A5&-P&bP5&Q%M*A5&KP&NP5&!%#+"%(+5&-P5&o)>,,5&LP5&=**(+"5&BP&~&B2%"#A5&bP&cP&`H98HaP&
AC
CE
PT
ED
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CR
IPT
ACCEPTED MANUSCRIPT
 %!
;*<*>+JC*"(&+,&%&'*%&%"*C+"*&(+^$"&%'&%"&$CC)"+C+#)>%(+1&,+1&(2*1%JA&+,&%)(+$CC)"*&
#$'*%'*'P&40K!70*&OX5&GH]W7FP&
8]]P& c%>*%5&BP&IP5&S?)A*"5&LP&6P5&B2%"#A5&bP&cP5&-C$(25&=P&KP&~&S+1(+"5&0P&-P& `H987aP&;+C%$"&
'(1).()1*&%"#&,)".($+"&+,&C%(1$^&C*(%>>+J1+(*%'*&H[&`663H[aX&1+>*& $"&J+(%''$)C&.2%""*>&
(1%,,$.M$"?P&:#11(R01($!J#(67!&TJ5&88]8WH89P&
H99P& S?)A*"5&LP&6P5&c%>*%5&BP&IP5&-.2C)"M5&cP5&-C$(25&=P& KP5&/#V%1#'5&0P&IP5&S+1(+"5&0P&-P&~&
B2%"#A5&bP&cP&`H98[aP&!"(1%.*>>)>%1&(1%,,$.M$"?&+,&(2*&b_8P[&J+(%''$)C&.2%""*>&$'&1*?)>%(*#&
DA&(2*&J1+#+C%$"&+,&%&C%(1$^&C*(%>>+J1+(*%'*P&P(O!01(:8#/&KVV5&F7G8WF7P&
H98P& O)$M5& 6P& ~& 6.!"(+'25& KP& 6P& `H99FaP& -(1$%(%>& %>J2%FU& "$.+($"$.& %.*(A>.2+>$"*& 1*.*J(+1'X&
J+(*"($%>&(%1?*('&,+1&3%1M$"'+"q'&#$'*%'*&(2*1%JAP&P(<8,&/,701(AK2(48#&&MJR5&7:8W]P&
H9HP& E>$<*1%5& =P& 6P5& O)$M5& 6P5& _$".>*15& 6P& ~& 6.!"(+'25& KP& 6P& `H99:aP& -)D(AJ*W'*>*.($<*&
.+"+J*J($#*'& (%1?*(*#& (+& "$.+($"$.& 1*.*J(+1'X& B+".*1(*#& #$'.+<*1A& %"#& D$+C*#$.%>&
%JJ>$.%($+"'P&:8,**#1'([;%'+!*C&KP&
H9[P& Ie%C5& QP& ~& 6.!"(+'25& KP& 6P& `H99]aP& I>J2%W.+"+(+^$"'& %'& J2%1C%.+>+?$.%>& J1+D*'& +,&
"$.+($"$.&%.*(A>.2+>$"*&1*.*J(+1'P&;7+,(<8,&/,701(6!*&MW5&RR8W:[P&
H97P& =+1#$%5&NP5&3%1%C*'V%1%"5&SP5&g%"5&LP5&Q%"?'(+"5&KP&oP5&6.!"(+'25&KP&6P&~&O)$M5&6P&`H99FaP&
3%1($%>& 1*.+<*1A& +,& '(1$%(%>& "$.+($"$.& 1*.*J(+1'& $"& 8WC*(2A>W7WJ2*"A>W85H5[5FW
(*(1%2A#1+JA1$#$"*&`63N3aW>*'$+"*#&C+"M*A'&V$(2&.21+"$.&+1%>&"$.+($"*P&P(<8,&/,701(AK2(
48#&&MJX5&H:GW]HP&
H9GP& 6.!"(+'25&KP&6P5&Ie%C5&QP5&-(%2*>$5&-P5&;+V*>>5&BP5&Q$"#'(1+C5&KP&6P5&b)1A%(+<5&IP5&c%11*((5&KP&
/P5&6%1M'5&6P& KP&~&o2$(*%M*15&3P& `H997aP&I"%>+?'&+,&%W.+"+(+^$"&6!!&%1*& '*>*.($<*& ,+1&%FW
.+"(%$"$"?&"$.+($"$.&%.*(A>.2+>$"*&1*.*J(+1'P&R01(<8,&/,701&RO5&]77W]GHP&
H9FP& O)$M5&6P5& =+1#$%5& NP5& g+1"+5& QP& ~&6.!"(+'25& KP&6P& `H997aP& Q+''& +,& %W.+"+(+^$"&6!!W& %"#&
I:G[:9W'*"'$($<*&"$.+($"$.&1*.*J(+1'& $"&3%1M$"'+"q'&#$'*%'*&'(1$%()CP&P(Q#%&078#/&VV5&FF:W
R]P&
H9RP& 6%1($"5&6P& gP5& 0+.2%(5&LP5&6%1.2+(5& 3P&~& =+)?$'5& 3P& /P& `8]:RaP&@'*& +,& 2$?2& J*1,+1C%".*&
>$T)$#& .21+C%(+?1%J2A& (+& #*C+"'(1%(*& T)%"($(%($<*& <%1$%($+"& $"& .+CJ+"*"('& +,& <*"+C&
,1+C&(2*&'.+1J$+"&I"#1+.(+")'&%)'(1%>$'&L*.(+1P&40K!70*&KO5&GF]WR[P&
AC
CE
PT
ED
 M
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ACCEPTED MANUSCRIPT
 %#
H9:P& 6%1($"5&6P& gP5& c%1.$%& A& 3*1*e5& QP& cP5& *>& IA*D5&6P5& b+J*A%"5& BP5& =*.2$'5& cP5& K+<*15& /P& ~&
0+.2%(5& LP& `8]:RaP& 3)1$,$.%($+"& %"#& .2*C$.%>& %"#& D$+>+?$.%>& .2%1%.(*1$e%($+"'& +,& '*<*"&
(+^$"'&,1+C&(2*&6*^$.%"&'.+1J$+"5&B*"(1)1+$#*'&'),,)')'&'),,)')'P&P(O!01(:8#/&KRK5&77GHW]P&
H9]P& B%1($*15&cP&/P5&v+'2$M%C$5&;P5&c1%A5&oP&0P5&Q)+5&-P5&E>$<*1%5&=P&6P&~&6.!"(+'25&KP&6P&`8]]FaP&
I&"*V&%W.+"+(+^$"&V2$.2& (%1?*('&%[DH&"$.+($"$.&%.*(A>.2+>$"*&1*.*J(+1'P& P(O!01(:8#/&KTJ5&
RGHHWRGH:P&
H89P& o%"?5& KP5& -%>%(%5& KP& KP&~&=*""*((5&3P&=P& `H99[aP& -%^$(+^$"& $'& %&?%($"?&C+#$,$*1&+,&L/0c&b.&
.2%""*>'P&P"(.#*"(<85'!01"JKJ5&G:[WG]:P&
&
&
&
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PT
ED
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AN
US
CR
IPT
ACCEPTED MANUSCRIPT
 %$
")/-#'!1'/'*+.!
!
")/-#'!J,!7+!450**'1!($2)*.!
08!Q*,(X!$+"&.2%""*>&.%1(++"&'2+V$"?&+"*&<+>(%?*W'*"'$"?&#+C%$"&.+"'$'($"?&+,&-8W-7&'*?C*"('&
.+""*.(*#&(+&(2*&-GW-F&'*?C*"('&V2$.2&C%M*&)J&(2*&J+1*&+,&(2*&.2%""*>P&&BNf&D$"#'&(+&(2*&J+1*&
+,& %&b(& .2%""*>& `$"#$.%(*#& $"& 1*#aP&6$##>*X&0*J1*'*"(%($<*&S60& '(1).()1*& +,&BNf& `3;=& .+#*&
HB0;a&$".>)#$"?&D+(2&%&(1%"'J%1*"(&')1,%.*&1*J1*'*"(%($+"&%'&V*>>&%'&(2*&J1+(*$"&D%.MD+"*&V$(2&
D>)*&&QA'5&I1?5&L$'4&1*#&&c>)5&I'J4&J)1J>*&&-*15&N215&NA14&?1**"&&I>%5&!>*5&Q*)5&_%>5&32*5&N1J5&
6*(4&%"#&A*>>+V&&BA'P&N2*&'%C*&.+>+1&.+#$"?&$'&)'*#&$"&g$?)1*&HP&N2*&(+^$"&$'&+1$*"(*#&V$(2&(2*&
,)".($+"%>>A&$CJ+1(%"(&QA'HR&1*'$#)*&J+$"($"?&#+V"P&0$?2(X&/,,*.(&+,&BNf&+"&(2*&.+"#).(%".*&
`caW<+>(%?*& `_a& 1*>%($+"'2$J&+,&b(HP8&R%'& `.+"(1+>X& D>%.M&.$1.>*'a&*^J1*''*#& $"&H"( 1,#>!'&++.A(*'&
'2+V$"?&(2%(&(2*&(+^$"&`?1*A&.$1.>*'a&.+CJ>*(*>A&D>+.M'&J+(%''$)C&.)11*"('&+<*1&%&V$#*&<+>(%?*&
1%"?*P&/rror bars represent SEM.&A8&Q*,(X&2%"%(+^$"&D$"#'&(+&(2*&-[DW-7&J%##>*&C+($,&V$(2$"&b(&
.2%""*>&<+>(%?*&'*"'+1'&`$"#$.%(*#&$"&1*#aP&6$##>*X&0*J1*'*"(%($<*&S60&'(1).()1*&+,&2%"%(+^$"&
`3;=&.+#*&8;8LIaP&0$?2(X&/,,*.(&+,&2%"%(+^$"&+"&(2*&cW_&1*>%($+"'2$J&+,&b(HP8&R&*^J1*''*#&$"&
H"( 1,#>!'&++.A(*'& #*C+"'(1%($"?& (2%(& (2*& (+^$"& $"2$D$('& J+(%''$)C& .)11*"('& %(& 1*>%($<*>A& C$>#&
#*J+>%1$e%($+"'&V2*1*%'& (2*& .2%""*>& .%"& %.($<%(*&V$(2&2%"%(+^$"& D+)"#& %(&C+1*&#*J+>%1$e*#&
<+>(%?*'%$P&L%"%(+^$"&$'&J1+C$'.)+)'&%"#&%>'+&$"2$D$('&S%(&.2%""*>&%.($<%($+"&%'&'2+V"&$"&g$?P&
HP& -(1).()1*& $C%?*'& V*1*& .1*%(*#& )'$"?& ;-_$*V*1& 31+P! 48& =%1& ?1%J2& J>+(& +,& "+1C%>$e*#&
2%"%(+^$"&%JJ%1*"(&%,,$"$(A&`\8a&<%>)*'&,+1&%>%"$"*&C)(%($+"'&'J%""$"?&,1+C&-8&(+&-7&$"&b(HP8%*P&
0*')>('&1*<*%>*#&(2*&C+>*.)>%1&#*(*1C$"%"('&+,&(2*&2%"%(+^$"&1*.*J(+1&'$(*&V$(2$"&(2*&b(HP8&-[DW
-7&J%##>*&C+($,P&N2*&'+>$#&>$"*&')J*1$CJ+'*#&+"&(2*&D%1&?1%J2&$'&%&8RW1*'$#)*&V$"#+V&%"%>A'$'&
+,&(2*&bA(*W;++>$((>*&2A#1+J2+D$.$(A&$"#*^P&!
!
")/-#'!K,!Y0+!450**'1!($2)*.!
/,,*.('&+,& 89"6&NNf5& 899"6&I%L!!& `%"&pW'.+1J$+"& (+^$"& ,1+C&;*?&07+0*%'( ,%'+&,1!'&@#7+0&a#-*5&
8x6&B''!!& `%&nW'.+1J$+"& (+^$"& ,1+C&:#*+&%&0!?#'( '%JJ%'%'( '%JJ%'%'a#-+5& %"#&899"6&2%"%(+^$"&+"&
1S%(8PH%&.2%""*>'&*^J1*''*#&$"&H"(1,#>!'&++.A(*'P&L%"%(+^$"&$'&J1+C$'.)+)'&%"#&%>'+&$"2$D$('&b(&
.2%""*>&%.($<%($+"&%'&'2+V"&$"&g$?P&8P&Q*,(&.+>)C"&'2+V'&(2*&>+.%($+"&V$(2$"&(2*&S%(&.2%""*>&
AC
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ACCEPTED MANUSCRIPT
 %%
V2*1*&(2*'*&(+^$"'&D$"#&`1*#a&V2$.2&$'&*$(2*1&(2*&J+1*&1*?$+"&,+1&NNf&`0a&+1&(2*&<+>(%?*W'*"'$"?&
#+C%$"& ,+1& I%L!!5& B''!!5& %"#& 2%"%(+^$"& `AaP& 6$##>*& .+>)C"& #$'J>%A'& 1*J1*'*"(%($<*& (+^$"&
'(1).()1*'&`3;=&.+#*'&,+1&I%L!!&%"#&B''!!&%1*&83Nf&%"#&HQK65&1*'J*.($<*>Aa&$".>)#$"?&D+(2&%&
(1%"'J%1*"(&')1,%.*&1*J1*'*"(%($+"&%'&V*>>&%'&(2*&J1+(*$"&D%.MD+"*&V$(2&(2*&'%C*&1*'$#)*&.+>+1&
.+#$"?& %'& $"& g$?)1*& 8P& 0$?2(& .+>)C"& '2+V'& 1S%(8PH%& '+#$)C& .)11*"('& *>$.$(*#& DA& %&
#*J+>%1$e%($+"&(+&%&')$(%D>*&C*CD1%"*&<+>(%?*&D*,+1*&`D>%.Ma&%"#&%,(*1&(+^$"&%##$($+"&`1*#aP&NNf&
J+(*"(>A&D>+.M'&.)11*"('&`0a&V2*1*%'&#*J*"#$"?&+"&V2$.2&<+>(%?*&'*"'+1'&%1*&(%1?*(*#&%"#&2+V&
(2*A& .+)J>*& (+& S%(& .2%""*>& ?%($"?5& '.+1J$+"& %"#& 'J$#*1& (+^$"'& `Aa& .%"& $"2$D$(& .2%""*>& ,%'(&
$"%.($<%($+"&`#+C%$"&!_X&I%L!!a5&,%.$>$(%(*&.2%""*>&+J*"$"?&DA&'2$,($"?&(2*&%.($<%($+"&<+>(%?*&(+&
C+1*& 2AJ*1J+>%1$e*#& C*CD1%"*& J+(*"($%>'& `#+C%$"& !!X& B''!!a5& +1& $"2$D$(& .2%""*>& +J*"$"?& $"&
1*'J+"'*&(+&C*CD1%"*&#*J+>%1$e%($+"&`#+C%$"&!d!!d!_X&2%"%(+^$"aP&&
!
")/-#'!M,!:(#-4(-#'.!$&!0*)%01!($2)*.!A$-*+!($!7+!0*+!IPQLJ!450**'1.H&&
08&fW1%A&.1A'(%>&'(1).()1*&+,&BNf&D+)"#&(+&b(8PH&`3;=&.+#*&7KNBa5&<$*V*#&,1+C&(2*&*^(1%.*>>)>%1&
'$#*& +,& (2*&C*CD1%"*$,P& /%.2& +,& (2*& ,+)1&b(8PH& ')D)"$('& $'& '2+V"& $"& %&#$,,*1*"(& .+>+1& `?1**"5&
J$"M5& D>)*5& %"#& >$?2(& +1%"?*aP& I& '$"?>*& C+>*.)>*& +,& BNf& `1*#a& $'& D+)"#& (+& (2*& *^(1%.*>>)>%1&
')1,%.*&+,&(2*&.2%""*>P&N2*&'$#*.2%$"&+,&(2*&.1$($.%>&QA'HR&1*'$#)*&`1*#&()D*a&J1+(1)#*'&$"(+&(2*&
.2%""*>& J+1*& (+& ,+1C& 2A#1+?*"& D+"#'& V$(2& D%.MD+"*& .%1D+"A>& +^A?*"'& %(& (2*& (+J& +,& (2*&
'*>*.($<$(A& ,$>(*15& (2*1*DA& D>+.M$"?& $+"& .+"#).($+"P& A8& -$#*W+"& <$*V& +,& (2*& '(1).()1*& +,& ;MN^&
D+)"#& (+&N03_8&#*(*1C$"*#&)'$"?&'$"?>*&J%1($.>*&*>*.(1+"&.1A+C$.1+'.+JA& `3;=&.+#*&[KGOa'P&
N2*&,+)1&N03_8&')D)"$('&%1*&'2+V"&$"&#$,,*1*"(&.+>+1'&`?1**"5&A*>>+V5&J$"M5&%"#&D>)*a5&%"#&,+)1&
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Animal Species Toxin Target (Putative) 
binding 
site 
Cone snail 
Conus geographus  ω-conotoxin 
GVIA 
Cav channels Pore 
Conus magus ω-conotoxin 
MVIIA 
Cav channels Pore 
Conus magus α-conotoxin 
MII 
nAChR α3/α6 
subunit 
Dinoflagellate Various dinoflagellates/cyanobacteria 
Saxitoxin 
(STX) 
Nav/Kv channels1 Pore 
Fish/octopus Produced by symbiotic bacteria 
Tetrodotoxin 
(TTX) 
Nav channels Pore 
Scorpion 
Leiurus quinquestriatus  Charybdotoxin 
(CTX) 
Kv channels Pore 
Leiurus quinquestriatus  Agitoxin2 Kv channels Pore 
Leiurus quinquestriatus  LqTX Nav channels Voltage 
sensor 
Androctonus australis Hector AaHII Nav channels Voltage 
sensor 
Tityus serrulatus  Ts3 Nav channels Voltage 
sensor 
Centruroides suffusus 
suffusus 
CssII Nav channels Voltage 
sensor 
Parabuthus transvaalicus Kurtoxin Cav/Nav channels Voltage 
sensor 
Sea 
anemone 
Anemonia sulcata BDS-I Nav/Kv channels (Voltage 
sensor) 
Stichodactyla helianthus ShK Kv channels Pore 
Spider 
Grammostola rosea  Hanatoxin 
(1/2) 
Kv/Nav/Cav channels Voltage 
sensor 
Grammostola rosea  ω-
grammotoxin 
SIA 
Cav/Kv channels Voltage 
sensor 
Thrixopelma pruriens ProTx-I Nav/Kv/Cav 
channels/TRPA1 
Voltage 
sensor 
Thrixopelma pruriens ProTx-II Nav/Cav channels Voltage 
sensor 
Stromatopelma calceatum 
griseipes 
SGTx1 Kv/Nav channels Voltage 
sensor 
Chilobrachys guangxiensis JZTX-I Nav/Kv channels Voltage 
sensor 
Macrothele gigas spider Magi5 Nav channels (Voltage 
sensor) 
Haplopelma huwenum HWTX-IV Nav channels Voltage 
sensor 
Agelenopsis aperta ω-agatoxin 
IVA 
Cav channels Voltage 
sensor 
Hysterocrates gigas SNX482 Cav channels Voltage 
sensor 
Psalmopoeus cambridgei Vanillotoxins TRPV1 (Voltage 
sensor) 
Haplopelma huwenum DkTx TRPV1 Pore 
AC
CE
PT
ED
 M
AN
US
CR
IPT
ACCEPTED MANUSCRIPT
 &!
 
 
Table 1: Overview of toxins discussed in this review  
Shown is the organism in which the toxin is found as well as its primary molecular 
target(s) and binding site(s). Putative binding sites are indicated in parentheses. Note 
that although tetrodotoxin is found in numerous venomous animals (e.g., pufferfish and 
blue-ringed octopus); it is actually produced by symbiotic bacteria (largely 
Pseudoalteromonas, Pseudomonas and Vibrio species). Spider names are from 
http://research.amnh.org/iz/spiders/catalog/. 1See Ref. 210. 
Grammostola rosea  GsMTx-4 TRPA1/Mechanosensitive 
channels 
(Pore) 
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